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STUDIES ON OXYGEN-CARRYING COBALT COMPOUNDS1 
XI. OXYGEN-CARRYING COMPOUNDS DERIVED FROM MIXTURES OF 
o-HYDROXYALDEHYDES 
HARVEY DIEHL, RICHARD J. BROUNS, GEORGE C. HARRISON, AND LAWRENCE M. LIGGE'IT 
· Departm ent of Chemistry, Iowa State College 
Received March 4, 1947 
Speculation as to the effect of preparing oxygen-carrying cobalt 
compounds of the type being reported in this series of papers from mix-
tures of o-hydroxyaldehydes which singly yielded oxygen-carrying com-
pounds was prompted by the possibility of conserving those aldehydes 
which were expensive or unavailable. The study was devoted first to 
equimolecular mixtures of salicylaldehyde and 2-hydroxy-3-methoxy-
benzaldehyde, and later was extended to mixtures of salicylaldehyde and 
2-hydroxy-3-ethoxybenzaldehyde, and of 2-hydroxy-3-methoxyb~nzalde­
hyde and 2-hydroxy-3-ethoxybenzaldehyde. The mixtures of the aldehydes 
were condensed with ethylenediamine and the cobalt derivatives of the 
products made. These cobalt compounds differed markedly from the 
cobalt derivatives of the pure aldehydes, principally in having their 
oxygen pressure-temperature equilibria shifted downward. Other prop-
erties, such as the deoxygenation temperature and activation temperature, 
were also lowered and the rate of oxygenation of the materials was found 
to differ from those of the compounds derived from the pure aldehydes. 
It thus appeared that there was involved a phenomenon somewhat 
similar to the lowering of the melting point of a material by admixture 
with an impurity. Because of the great similarity of the component 
aldehydes, mixed crystal formation appear quite probable. On the other 
hand, the new materials might be pure individual compounds of the 
Schiff's bases in which one molecule of each of the different aldehydes 
was attached to the ethylenediamine radical. At any rate, a new field 
was being laid open for exploration and the conservation of expensive 
or unavailable aldehydes would obviously be secondary in importance 
to the convenience of securing an oxygen-carrier possessing any desired 
oxygenation-deoxygenation characteristics by simply varying the com-
position of the aldehyde mixture. 
Of the various methods of preparing the cobalt oxygen-carrying com-
pounds, that involving the prior formation and preferably the isolation 
of the Schiff's base of the aldehyde and ethylenediamine has given the 
best results (Papers II, VI, and VII). In the preliminary studies involving 
the mixed aldehydes, therefore, the Schiff's base was prepared )ly the 
' Preceding parts of this" discussion were published in this Journal as follows : 
Papers I , II, and III, Vol. XXI, pp. 271- 309, 1947 ; Papers IV, V, VI, anp VII, Vol. 
XXI, pp. 311-49, 1947; Papers VIII, IX, and X, Vol. XXII, pp. 91-128, 1947. 
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addition of ethylenediamine to an equimolecular mixture of aldehydes 
dissolved in hot alcohol and causing the Schiff's base to separate by 
cooling. Because of the low solubility in alcohol of the Schiff's bases of 
salicylaldehyde, 2-hydroxy-3-methoxybenzaldehyde and 2-hydroxy-3-
ethoxybenzaldehyde, it was expected that the mass so obtained would 
be a mechanical mixture of tlte two Schiff's bases possibly containing also 
a mixed Schiff's base; that is, a base derived by the condensation of one 
molecule of ethylenediamine with one molecule each of the two aldehydes 
used. It was expected that the products would melt over a broad tempera-
ture range considerably below the melting points of the pure Schiff's bases; 
that is, disalicy lalethy lenediimine: 123 °, di- (2-hydroxy-3-methoxy benzal) -
ethy lenediimine: 162-163°, and di- (2-hydroxy-3-ethoxybenzal) -ethyl-
enediimine: 134-136°. 
The product derived from an equimolecular mixture of salicylaldehyde 
and 2-hydroxy-3-ethoxybenzaldehyde, however, melted fairly sharply at 
81-84° and an identical melting point was obtained with a mixture pre-
pared by grinding together equimolecular amounts of the two pure 
Schiff's bases. In the case of the mixture of salicylaldehyde and 2-hydroxy-
3-methoxybenzaldehyde, the product melted over the range 120-136°. 
Mixed melting points of this product with the two pure Schiff's bases were 
120-142° so that it appeared that the material obtained was a mixture of 
the two Schiff's bases. In the case of the equimolecular mixture of 2-
hydroxy-3-methoxybenzaldehyde and 2-hydroxy-3-ethoxybenzaldehyde, 
yellow, needle-like crystals were obtained which melted at 161-163°, that 
is , had the same melting point as di- (2-hydroxy-3-methoxybenzal) -
ethylenediimine, and further a mixed melting point of this product with 
di- (2-hydroxy-3-ethoxybenzal)-ethylenediimine gave 118-135°. This 
would indicate that the product was simply the pure methoxy Schiff's 
base. However, this could not be the case since the yield was 90 per cent 
and at least 40 per cent of the aldehyde present in the Schiff's base must 
have been the ethoxy aldehyde. This preparation was repeated and on 
this occasion the product resembled di- (2-hydroxy-3-ethoxybenzal)-
ethylenediimine and melted over. the range 98-105°. The mixed melting 
points of this product with di- (2-hydroxy-3-methoxybenzal)-ethylenedi-
imine and di- (2-hydroxy-3-ethoxybenzal)-ethylenediimine were 110-120° 
and 108- 115°, respeetively. 
It was evident from this work that in preparing the Schiff's bases in 
this manner, a great deal of uncertainty existed as to the nature of the 
product and that to make the cobalt compounds with such materials could 
only lead to inconsistent results. 
None of the results just presented could be interpreted as evidence 
for the existence of a mixed Schiff's base. Indeed, as reported in Paper 
XII, attempts to make such an unsymmetric Schiff's base failed com-
pletely. It was proved that the double bond between the aldehyde carbon 
atom and the nitrogen atom is very labile, and that in alcohol the Schiff's 
base is in equilibrium with the aldehyde and ethylenediamine. In view 
of this it appeared impossible to predict just what the compositions of 
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the cobalt derivatives were going to be, and in order to secure reasonably 
uniform results the procedure for making the mixed aldehyde compound 
was standardized. A mixture of the proper weights of the pure Schiff's 
bases was dissolved in alcohol and the solution treated with a solution 
of cobalt chloride to precipitate the oxygen-carrying compound. 
All of the materials prepared from mixtures of aldehydes became 
active toward oxygen at temperatures below the activation temperatures 
of the compounds from the pure aldehydes; for the most part the materials 
became active on drying at 100°. The oxygen-carrying capacities of the 
mixed materials were invariably below the expected, theoretical values, 
but in all cases were sufficiently high so that the materials could be 
used practically. The temperatures of deoxygenation were all lower than 
those of the end members of the series, this being most striking in the 
case of the series containing salicylaldehyde and 2-hydroxy-3-ethoxy-
benzaldehyde. Several members of this series deoxygenated at tempera-
tures in the range of 25° to 40° . The rates of oxygenation of the members 
of the three series varied markedly with composition, being for the most 
part faster than the end materials of the various series. Invariably the 
the optimum temperature of oxygenation of these materials lay below 0°. 
Of the individual materials, that derived from a mixture of 90 mole per 
cent of 2-hydroxy-3-ethoxy-benzaldehyde and 10 mole per cent salicylal-
dehyde was of particular interest, being easily activated and very rapid in 
its action toward oxygen. This material absorbed oxygen at 0° as rapidly 
as 3-Methoxy Co-Ox and possessed the added advantage of being activated 
at a temperature of only 100°. · 
EXPERIMENTAL WORK 
GENERAL METHODS EMPLOYED 
A uniform procedure was employed for the preparation of all of the 
cobalt compounds used from mixtures of aldehydes and ethylenediamine. 
The pure Schiff's bases were prepared individually by the reaction of 
two moles of the aldehyde with one mole of ethylenediamine in alcohol. 
The bases were obtained as yellow, crystalline compounds, which were 
sufficiently pure for this work without recrystallization. The requisite 
quantities of the two Schiff's bases were dissolved in dilute sodium 
hydroxide, the volume of the solution being of the order of 1,500 ml. 
per 50 g. of Schiff's base. The bases usually dissolved without difficulty, 
although the process of dissolution was speeded by vigorous stirring 
and by the use of a slight excess of sodium hydroxide. The necessary 
amount of cobalt chloride dissolved in approximately 300 ml. of water 
was added to the hot solution of the Schiff's bases with vigorous stirring. 
After a few minutes stirring the precipitated material was centrifuged 
from the mother liquor and washed with a liter of hot water. The material 
was dried at 100°, then ground and tested for oxygen-carrying capacity 
by the usual gravimetric method (Paper XIII, Method A). Materials 
which were inactive after drying at 100° were subjected to 120° in a 
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vacuum for activation and then again tested for oxygen-carrying capacity. 
This process was repeated, using successively higher temperatures until 
the maximum capacity was found. This heat treatment was not carried 
above 180° since these materials began to decompose at about that tem-
perature. 
A preliminary determination of the temperature of deoxygenation 
was made by placing a small amount of the oxygenated material on the 
melting point block and noting the temperature at which the color changed 
from black to brown. A more precise temperature of deoxygenation was 
also obtained using the same apparatus used to determine the rate of oxy-
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F IG. 1. Rate of oxygenation of Co-Ox in oxygen at 710 mm. pressure. 
genation of the material (Paper XIII, Method G). A sample of completely 
oxygenated material in the reaction vessel of the rate apparatus was 
heated very slowly by heating the water in the bath surrounding the 
sample tube. The water bath was warmed and readings on the manometer 
taken at intervals of about twenty minutes. A total time of about two 
hours was taken for the experiment so that the sample and water bath 
were practically at thermal equilibrium at all times. The extent of de-
oxygenation was followed on the manometer in the same way that the 
extent of oxygenation was followed. The oxygen was not expelled sud-
denly at some particular temperature but was evolved gradually over a 
15° interval. 
The rate of oxygenation of these materials was determined using 
the Manometric Rate Apparatus described in Paper XIII of this series 
(Method G). The rates of oxygenation of Co-Ox, 3-Methoxy Co-Ox, and 
of 3-Ethoxy Co-Ox were also determined with the same apparatus so 
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that a comparison of all the materials could be made, Figures 1, 2, and 3. 
The copper sample tube described was used; twenty minutes was allowed 
for deoxygenation at 100° in a vacuum, and thirty minutes was allowed 
for cooling before oxygenation was begun. Samples of approximately 20 g. 
were used. The saturation values indicated by the rate apparatus were 
about 0.5 weight per cent below the true capacity of the compounds as 
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FIG. 2. Rate of oxygenation of 3-Methoxy Co-Ox in oxygen at 710 mm. pressure. 
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Frc. 3. Rate of oxygenation of 3-Ethoxy Co-Ox in oxygen at 710 ~· pressure. 
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determined gravimetrically. This is due to the fact that the calibration of 
the rate apparatus was made by a pressure-volume method rather than 
against a known compound. It is of no importance as far as the general 
shape of the rate curves is concerned but should be kept in mind when 
capacity is being considered. The capacities as determined gravimetrically 
are given in the accompanying tables. The optimum oxygenation tempera-
ture was obtained from curves plotting the time of half saturation against 
temperature. 
.~ 
~ 
·= 3.0 
c 
~ 
i:? 
;? 
0 
IJ) 2.0 
I 
0 
:r 
E i.o 
f--
-
~ .---
-
/\ 
I \ 
I \ 
\ 
I ' J 
I 
I 
0 10 20 30 40 50 60 70 80 90 100 
P" Cent of Solicyloldehyde Component 
FIG. 4. Rate of oxygenation of cobalt materials derived from mixtures of 
salicylaldehyde and 2-hydroxy-3-methoxybenzaldehyde. 
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FIG. 5. Deoxygenation temperature of cobalt materials derived from mixtures of 
salicylaldehyde and 2-hydroxy-3-methoxybenzaldehyde. 
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MATERIALS CONTAINING SALICYLALDEHYDE AND 2-HYDROXY-3-METHOXY-
BENZALDEHYDE 
135 
The members of this series were prepared by the general method 
outlined above. Materials containing 95, 90, 80, 60, 40, 20, and 5 mole per 
cent of salicylaldehyde were prepared. The general shape of the rate 
curves was that of 3-Methoxy Co-Ox. Sufficient space is not available for 
the reproduction of all the data. The pertinent properties of these mater-
ials are summarized in Table 1 and in Figures 4 and 5. 
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FIG. 6. Rate of oxygenation of cobalt materials derived from mixtures of 
salicylaldehyde and 2-hydroxy-3-ethoxybenzaldehyde. 
The activation temperatures of these materials was uniformly lower 
than those of the pure end members of the series, Co-Ox and 3-Methoxy 
Co-Ox. The oxygen-carrying capacities of the materials were lower than 
the expected values. In some cases the capacities given in Table 1 were 
raised slightly by heating the materials to higher temperatures than those 
given as the activation temperature. This indicates possibly that these 
materials contained small amounts of pure 3-Methoxy Co-Ox in physical 
admixture. 
The deoxygenation temperatures of these materials were all very 
low, in some cases only slightly above room temperature, and as would 
be expected the temperature of maximum rate of oxygenation was cor-
respondingly low, below 0° in all cases. Many of the materials of this 
series were very fast, having about the same rate of oxygenation as the 
pure 3-Methoxy Co-Ox. 
MATERIALS CONTAINING SALICYLALDEHYDE AND 2-HYDROXY-3-ETHOXY-
BENZALDEHYDE 
Following the general procedure given above, a series of materials 
containing salicylaldehyde and 2-hydroxy-3-ethoxybenzaldehyde were 
TABLE 1 
PROPERTIES OF THE OXYGEN CARRIERS PREPARED FROM MIXTURES OF DISALJCYLALETHYLENEDIIM1NE 
AND DI- ( 2-HYDROXY-3 - METHOXYBENZAL) - ETHYLLNEDIIMINE 
Material Optimum 
(Molt Percentage of Activation Deoxygenation Oxygenation Time of 
Disalicy lalethylenediimine Temperature Temperature Temperature Half-Saturation 
in Mixture ) (Centigrade ) (Centigrade) (Centigrade) (Minutes) 
100 (Co-Ox) . . . . . . . ' . .. ' .... ... 100° 65 ° 15° 4 .0 (15°) 
95 .... .. . . . ' . . ' . . . . . . . . . 100° 45 ° -10° 1 . 6 ( -7°) 
90 . ............... . .. . . . . . . .... 100° 40° -30° 1. 5 (-16°) 
80 ......... . .......... . . . . . . . . 100° 35° oo 4 . 1 (00) 
60 . ... . . .......... .... . . . . . . . . . 120° 65° -20° 0 . 5 ( -16°) 
40 . ......... ................... 125° 55° -15° 0 . 2 ( -12°) 
20 ....... . . . ....... . . . . . . . . . ... 130° 55° -20° 0 . 2 ( -17°) 
5 . ................. ......... . . 145° 55° -15° 0.1 ( -12°) 
0 (3-Methoxy Co-Ox) .. ... . . ... 165° 75° 50 0.16 (00) 
-
Capacity 
(Percentage) 
4.70 
3 . 14 
3 .07 
3 . 40 
2.75 
2 .89 
3 . 58 
3 .84 
4 .06 
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TABLE 2 
PROPERTIES OF THE OXYGEN CARRIERS PREPARED FROM MIXTURES OF DISA LICYLALETHYLE NE-
DilM1NE AND Dr-{2-HYDRoxv-3-ETHOXYBENZAL)-ETHYLENEDHMlNE 
Optimum 
Material Deoxygenation O xygenation Time of H alf-
(Mole Percentage of Temperatu re Temperature aturation Capacity 
Disalicylalethylenediimine) (Centigrade) (Centigrade) (Minute<) (Percentage) 
100 {Co-Ox) .......... 65° 15° 4.9 (15°) 4. 8 
90 . . ... . . . . . . . . . . . . . 40- 44° - 30° 0. 8 ( - 13°) 3 . 02 
70 ..... .... ' .... . ... 25- 2 3° -79° 1 .8( - 79 °) . . . . . . . . . . ' . . . 
60 ... . . . . ' .. . . . . . . . . 27-30° -40° 1 .5 ( -12°) . .... .. . . . . . . . 
50 ..... . . . . . . . . . . . . . 30-33° - 30° 0 . 7 (-1 0°) . . . . . . . . . ... .. 
40 ......... ' ..... . . . 30- 33° -30° 0 . 5 ( -1 5°) . . . . . . . . . . . . .. 
10 . ...... ' .. '. 60- 62° -1 5-0 0 .1 ( - 14°) 3. 27 
0 (3-Ethoxy Co-Ox) .. 95° 30- 40° 0. 9 (30°) 3 . 7 
prepared. The characteristics of these materials are summarized in Table 
2, and Figures 6 and 7. 
All of the members of this series became active on drying at tempera-
tures below 100°. The capacity of several of the materials was not 
determined accurately because the compound deoxygenated rapidly at 
room temperature. However, in all cases the capacity was above 3 per 
cent. The rate at which all of the mixed materials of this series absorb 
oxygen is greater than that of the parent material, Co-Ox, and some are 
·faster than the other end member of the series, 3-Ethoxy Co-Ox. The 
material containing 10 mole per cent of salicylaldehyde was exceptionally 
fast, oxygenating about as rapidly as 3-Methoxy Co-Ox. It could be used 
in a reversible cycle over the temperature range 0° to 60°. This material 
possesses the added advantage of being easily activated at 100°. 
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Frc. 7. Deoxygenation temperature of cobalt materials derived from mixtures of 
salicylaldehyde and 2-hydroxy-3-ethoxybenzaldehyde. 
TABLE 3 
PROPERTIES OF THE OXYGEN CARRCERS PREPARED FROM MIXTURES OF D1-(2-HYDROXY-3-METHOXYBENZAL)·ETHYLENEDIIMINE 
AND Dt-(2-HYDROXY-3-ETHOXYBENZAL)-ETHYLENEDIJM!NE 
Time of Half-
Material Optimum Saturation at 
(Mole Percentage ~f Activation Oxygenation Deoxygenation Optimum 
di- (2-~ydroxy-3-ethoxybenzal) Temperature Temperature T emperature Temperature Capacity 
et~lenediimine) (Centigrade) (Centigrade) (Centigrade) (Seconds) (Percentagej 
100 (3-Ethoxy Co-Ox) ..... .. ..... . 100° 40° 95° 37 3 .80 
90 ..... . ................. . . . . 100° oo 70-75° 22 (at 3°) 3 .76 
70 .... . . . . . . . . . . . . . . . . . . . . . . . . . 100°* oo 60-75° 14 (at 0°) 3.33 
so . . ....... . . . . . . . . .. ..... . . ... 100° * oo 60° 16 (at0°) 3 . 76 
30 .. . . . . . . . . . ............ ..... ' 100° * -12° 50° 10 (at -12°) 3 . 70 
10 . .. . . . . . . . . . . ............... . 125° -10° 55- 60° 8 (at -10°) 4 .09 
3 . . ........................ . .. 130° -12° 55- 60° 4 (at -12°) 4 .01 
0 (3-Methoxy Co-Ox) ........ . .. 165° 50 75° 10 (at 0°) 4 . 06 
* Not completely activated until heated to 170°. 
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MATERIALS CONTAINING 2-HYDROXY-3-METHOXYBENZALDEHYDE AND 2-HYDROXY-
3-ETHOXYBENZALDEHYDE 
Following the general procedure given above a series of materials 
was prepared from mixtures of 2-hydroxy-3-ethoxybenzaldehyde, the 
mixtures taken having 90, 70, 50, 30, 10, and 3 mole per cent of 2-hydroxy-
3-ethoxybenzaldehyde. The results are given in Table 3 and Figures 8 
and 9. The temperature of activation of these materials decreased with 
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increasing amounts of 2-hydroxy-3-ethoxybenzaldehyde, being below 
100° for those materials having 30 mole per cent and higher of the ethoxy 
component. The oxygen-carrying capacities of these materials were all 
somewhat below the theoretical values but in all cases were above 3.7 
per cent. The rates of oxygenation of the materials were lower than that 
of 3-Ethoxy Co-Ox. The optimum temperature of oxygenation was found 
to be below 0° in each case. The temperature of deoxygenation in each 
case was lower than that of the pure compounds. 
MATERIAL CONTAINING SALICYLALDEHYDE, 2-HYDROXY-3-METHOXY-
BENZALDEHYDE, AND 2-HYDROXY-3-ETHOXYBENZALDEHYDE 
By the general method outlined above, a material was prepared 
containing equimolecular amounts of salicylaldehyde, 2-hydroxy-3-
methoxybenzaldehyde, and 2-hydroxy-3-ethoxybenzaldehyde. The brown 
material obtained was dried at 105° in a vacuum and found to carry 2.76 
per cent oxygen. When heated to 145° for 1.5 hours in a vacuum it 
increased in activity to 3.28 per cent. The temperature of deoxygenation 
was found to be 30- 35°. The rate of oxygenation of this material was 
determined at - 18°, 0°, and 18°. The optimum temperature of oxygena-
tion appeared to be about - 20°. 
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XII. AN ATTEMPTED, SYNTHESIS OF AN UNSYMMETRIC 
ScHIFF's BASE OF ETHYLENEDIAMINE 
LAWRENCE M. LIGGETT AND HARVEY DIEHL 
Department of Chemistry, Iowa State College 
Received March 4, 1947 
The interesting behavior of the oxygen carrier obtained by Diehl, 
Brouns, Harrison, and Liggett (Paper XI of this series), when a mixture 
of two aldehydes was condensed with ethylenediamine and the cobalt 
derivative of the product prepared, lead naturally to speculation as to 
the behavior of the .cobalt derivative of a pure unsymmetric Schiff's base-
that is, a base in which two different aldehydes are linked to the ethyl-
enediamine molecule, as in the general formula 
X being a substituent group. 
It seems reasonable that two symmetrical and one unsymmetrical 
Schiff's bases might be expected to form when ethylenediamine was 
condensed with an equimolecular mixture of two aldehydes. The amount 
of each Schiff's base formed should depend on a number of factors. On 
the basis of two reasonable assumptions, the statistical probability is that 
25 per cent of each of the symmetrical forms and 50 per cent of the un-
symmetrical Schiff's base would be formed. The assumptions are first 
that the reaction takes place in a step-wise manner, rather than by a 
simultaneous condensation of the diamine with two aldehyde molecules, 
and second that the reaction rate is the same for the condensation of both 
aldehydes with the diamine. 
On this basis it was thought that possibly by means of fractional 
crystallization, a separation of the three products might be accomplished. 
Careful fractional crystallization of the mixture of Schiff's bases obtained 
by the condensation of ethylenediamine with an equimolecular mixture 
of salicylaldehyde and 2-hydroxy-1-naphthaldehyde yielded only the two 
symmetric Schiff's bases, di- (2-hydroxy-1-naphthal)-ethylenediimine, and 
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disalicylalethylenediimine, the former being- obtained first because of its 
lower solubility in alcohol. It is possible that some of the unsymmetric base 
was initially present in the intermediate crystal fractions, but repeated 
crystallization yielded only the two symmetric forms. A similar result 
was obtained on a mixture of salicylaldehyde and 2-hydroxy-3-nitro-
benzaldehyde. 
These results were inconclusive as far as the possible formation of 
an unsymmetric Schiff's base was concerned. It was further found that 
the addition of a half a mole of salicylaldehyde to a mole of ethylenedi-
amine in alcohol led to the formation of a half mole of disalicylalethyl-
enediimine, the unreacted ethylenediamine remaining in solution. 
Apparently what was required was a method by which one aldehyde 
molecule was introduced at a time by having only one amino group present 
to react; the second amino group might be then introduced and the con-
densation with the second aldehyde effected. It was proposed to carry 
out such a synthesis by first making a Schiff's base of ~-bromoethylamine, 
for example, with salicylaldehyde, CGH4 (OH) CH=N-CH2-CH2-Br, 
then to replace the bromine with an amino group, and then to add the 
second, different aldehyde giving the unsymmetric Schiff's base. 
Some difficulty was experienced in the initial preparation of ~-bromo­
ethylamine (as the hydrobromide) but a satisfactory method for its 
preparation was devised. This amine was condensed with salicylaldehyde 
and the Schiff's base salicylalbromethylimine obtained as a yellow crystal-
line material. In a similar manner ~-bromoethylamine was condensed with 
2-hydroxy-3-methoxybenzaldehyde, 2-hydroxy-3-ethoxybenzaldehyde, 2-
hydroxy-3-nitrobenzaldehyde, and 2-hydroxy-1-naphthaldehyde, yielding 
· in each case a yellow crystalline solid. 
Attempts were made to convert these Schiff's bases to the correspond-
ing amino compounds by reaction with ammonia under various conditions. 
The reactions were carried out using aqueous ammonia, ammonia under 
pressure, anhydrous liquid ammonia, and liquid ammonia in ether. In 
every case it was found that the bromine was replaced as desired but that 
the compound isolated was the symmetric Schiff's base. 
It was concluded from these results that the double bond linkage 
between the aldehyde carbon atom and the nitrogen was very readily 
hydrolyzed in solution, and that continual rearrangement of the aldehyde 
attached to the amine was taking place. This would account for the 
failure to obtain an unsymmetric Schiff's base in our earlier fractional 
crystallization experiments. 
In order to confirm further that hydrolysis of the Schiff's base was 
occurring, disalicylalethylenediimine dissolved in alcohol was treated 
with 2-hydroxy-l-naphthaldehyde and the mixture warmed for a short 
time. Di- (2-hydroxy-1-naphthal)-ethylenediimine was formed confirming 
the labile character of the carbon-nitrogen double bond. 
Some thought was given the possibility of using the Gabriel synthesis 
to replace the bromine by an amino group in the Schiff's bases of ~-bromo-
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ethylamine. Since it had been shown that these Schiff's bases were readily 
hydrolyzed, it was obvious that the usual methods for decomposing the 
phthalimide intermediate would be impossible. Hydrazine hydrate has 
been used successfully in this connection on several compounds which 
were sensitive to the hydrobromic acid hyd.rolysis usually employed to 
split off the phthalic acid residue. Preliminary experiments in which 
hydrazine hydrate and disalicylalethylenediimine were brought together 
yielded disalicylazine, undoubtedly again because of hydrolysis of the 
disalicylalethylenediimine. It is certain as a result of these experiments 
that an unsymmetrical Schiff's base cannot be prepared in the presence 
of water and if formed under other conditions would not be stable when 
later brought into an aqueous solution. 
EXPERIMENTAL WORK 
FRACTIONAL CRYSTALLIZATION OF THE MIXTURE OF SCHIFF'S BASES OBTAINED BY 
THE CONDENSATION OF ETHYLENEDIAMINE AND AN EQUIMOLECULAR MIXTURE 
OF SALICYLALDEHYDE AND 2-HYDROXY-1-NAPHTHALDEHYDE 
A mixture of 20 g. of 2-hydroxy-1-naphthaldehyde and 11 g. of salicyl-
aldehyde was dissolved in 250 ml. of absolute alcohol, and the solution 
warmed to 75° . To this, a solution containing 12 g. of ethylenediamine 
in 50 ml. of water was added slowly with vigorous stirring. The mixture 
was stirred for about one minute and then filtered immediately. The 
filtration was carried out at 65°, and after washing with a small amount 
of alcohol the condensation product was dried. The material melted 
above 280°, and was therefore nearly pure di- (2-hydroxy-1-naphthal)-
ethylenediimine. 
The filtrate was allowed to cool slowly to 35° , and a second crop of 
yellow crystalline material was filtered and washed with a little alcohol; 
m .p.: 122-200°. An attempt was made to recrystallize this material from 
absolute alcohol, but a lemon yellow precipitate formed, which would not 
dissolve; m .p.: above 300°. It is certain that this material was formed 
in the recrystallization process since the solution previously had been 
perfectly clear. The filtrate yielded crystals of disalicylalethylenediimine; 
m.p.: 123°, upon standing for two days. 
The filtrate from the crop of crystals filtered at 35° was cooled slowly 
to 0° and then filtered. The crystalline compound from this fraction, m.p.: 
140-180°, was warmed with 250 ml. of alcohol at 40° and filtered. An 
insolube m·aterial, m.p.: 240-280°, was obtained. From the filtrate, pure 
disalicylalethylenediimine, m .p .: 124°, was obtained. 
It seems very probable that some unsymmetric Schiff's base was 
present in the intermediate crystal fractions , but upon recrystallization 
only the two symmetric forms were isolated. 
Similar results were obtained working with the condensation product 
of ethylenediamine and an equimolecular mixture of salicylaldehyde and 
2-hydroxy-3-nitrobenzaldehyde. 
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13 -BROMETHYLAMINE HYDROBROMIDE 
This material has been prepar~d by the hydrolysis of ~-bromethyl­
phthalimi~e in a mixture of hydrobromic acid and acetic acid in a sealed 
tube (1). Although ~-bromethylphthalimide may be readily prepared 
(2), the hydrolysis of the compound by a sealed tube reaction did not 
appear desirable in view of the fairly large quantity of compound desired. 
Gabriel also suggested that ~-bromethylamine could be prepared by 
treating ethanolamine in a sealed tube with hydrobromic acid. This 
method appeared advantageous since ethanolamine is a relatively inex-
pensive and easily obtained starting material. It was · thought possible 
to avoid the sealed tube reaction by employing anhydrous hydrogen 
bromide instead of aqueous hydrobromic acid. An attempt to prepare 
B-bromethylamine by this method failed and only a tarry residue resulted 
upon distillation of the reaction mixture under reduced pressure. 
Another method for the preparation of B-bromethylamine has been 
described by Leffler and Adams (3). This method involves the preparation 
of ethanolamine hydrobromide followed by reaction with phosphorous 
tribromide, and subsequent isolation and purification of the ~-bromethyl­
amine hydrobromide. A yield of 72 per cent was reported. 
The method described by Leffler and Adams was closely followed, 
but all attempts to isolate the pure B-bromethylamine hydrobromide from 
the final reaction product failed. It was obvious that several rather 
important precautions and details had been omitted from the procedure 
described. The preparation was repeated using smaller quantities and 
close attention was given to several possible sources of difficulty. This 
preparation proved entirely successful and the desired product was 
obtained in pure form and in excellent yield. The procedure was as 
follows: 
In a 1-1. wide mouth, round bottom fl.ask fitted for vacuum distillation 
with a Claisen head, condenser and receiver, were placed 244 g. (4 moles) 
of ethanolamine (b.p.: 165-167° / 736 mm.) and 690 g. ( 4.1 moles) of 48 
per cent hydrobromic acid. The mixture was heated by a water bath 
maintained at 90-100° while the water and excess hydrobromic acid were 
removed by distillation at 10-20 mm. pressure. The last of the water 
distilled rather slowly and the heating was continued for thirty minutes 
after the water first appeared to have been all removed. The moisture 
which collected in the upper part of the fl.ask and the Claisen head was 
removed by cautiously applying heat directly to this part of the apparatus. 
The presence of any residual water was found to be very detrimental, 
causing the final product to be gummy and difficult to remove from the 
fl.ask. The reaction mixture was then allowed to cool whereupon it 
crystallized as a dry, nearly white, crystalline solid. 
The fl.ask was then fitted with a water cooled reflux condenser, and 
to the ethanolamine hydrobromide in the fl.ask was added 550 g. (2.05 
moles) of phosphorus tribromide. The fl.ask was heated cautiously with 
a burner and the reaction mixture was shaken frequently. Upon heating, 
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the reactants gradually melted and the phosphorus tribromide settled 
to the bottom of the flask while the ethanolamine hydrobromide formed 
a · dark brown upper layer. The heating was continued gently for about 
twelve minutes with frequent agitation; the mixture gradually began to 
boil more vigorously, turned brilliant orange in color, and became thick. 
It was found that the reaction mixture with phosphorus tribromide 
should not be heated more than necessary at any time during the reaction. 
If the mixture was fused by heating strongly, it was almost impossible 
to remove the solid from the reaction vessel. If the mixture was not 
heated excessively a crumbly, granular mass, easily removed from the 
reaction vessel, was obtained. The time required after the addition of the 
phosphorus tribromide was about twenty minutes. 
The top of the condenser was then connected to a 250 ml. suction 
flask by means of glass tubing and the suction flask attached to a water 
aspirator. The water was drained from the condenser to hasten the 
removal of the volatile products. A considerable volume of white 
fumes was evolved and the volatile materials present in the mixture were 
distilled off by the application of a very little heat. Toward the end of the 
reaction the mixture became a very thick paste. The flask and contents 
were allowed to cool to room temperature under vacuum and then air 
was admitted slowly to the flask. Occasionally as the air entered a blue 
flame was observed traveling down through the condenser into the flask, 
owing to the combustion of some gaseous reaction product present. The 
orange solid was removed with the aid of a metal spatula, washed with 
800 ml. of dry ether, then placed in a large mortar, pulverized, and washed 
again with about 700 ml. of dry ether. 
The material was then placed in a 4-1. beaker, and a mixture of 2,400 
ml. of absolute alcohol and 800 ml. of anhydrous ethyl acetate added. Upon 
warming to boiling on the steam plate, nearly all of the orange solid 
dissolved. The solution was allowed to cool to room temperature and 
filtered. About 6 g. of reddish, amorphous material remained on the 
filter. The slightly turbid filtrate was then treated with 10 g. of activated 
charcoal. After approximately thirty minutes the solution was cooled a 
little and the charcoal filtered off. 
The solvent was removed from the filtrate by distillation under 
slightly diminished pressure until about 400 ml. of liquid remained and a 
few crystals were observed on the cooler portions of the flask. Upon 
further cooling the entire mixture turned to a semi-solid, crystalline mass. 
The crystals were filtered on a Buchner funnel and then dried in air at 
100°; m.p.: 170° ; yield: 665 g. or 81 per cent. The material was recrystal-
lized from anhydrous ethyl alcohol-ethyl acetate mixture as describ~d 
above, white plates being obtained; m.p.: 172-173.5° . 
~-Bromethylamine hydrobromide is very soluble in absolute alcohol, 
about 85 g. per 100 ml. For this reason the solvent consisting of three 
parts of alcohol and one part of ethyl acetate is more satisfactory than 
alcohol alone. 
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ATTEMPTED ISOLATION OF THE FREE BASE, /l-BROMETHYLAMINE 
Two attempts were made to isolate the free amine from ~-bromethyl­
amine hydrobromide as follows: A quantity of 21.5 g. (0.1 mole) of ~­
bromethylamine hydrobromide was dissolved in 50 ml. of water and cooled 
in an ice bath to 0° . About 5 g. of sodium hydroxide was dissolved in 10 
ml. of water and also cooled in an ice bath. The sodium hydroxide solution 
was added slowly with stirring to the ice cold, aqueous solution of ~­
bromethylamine hydrobromide. An amine odor was apparent immed-
iately. The cold solution was immediately extracted with two 25 ml. por-
tions of cold ether. The ether layer was separated and the ether removed 
by distillation under diminished pressure, using a water aspirator. A little 
yellow oil, which had the strong odor of an amine, remained in the flask. 
Upon warming very slightly, hardly to room temperature, the liquid 
suddenly began to boil vigorously, the reaction being complete in about 
thirty seconds. The remaining liquid was rather viscous and no longer 
had the odor of an amine. It did not form a Schiff's base with salicylal-
dehyde. 
The decomposition of ~-bromethylamine is undoubtedly a bimolecular 
condensation yielding. piperazine hydro bromide. No further attempt was 
made to isolate the free amine as this step was found unnecessary for the 
preparation of the Schiff's bases. 
SALICYLAL-/l-BROMETHYLIMINE 
A solution of 108 g. (0.5 mole) of bromethylamine hydrobromide in 
200 ml. of water was added to a solution of 61 g. (0.5 mole) of salicylalde-
hyde in 200 ml. of 95 per cent alcohol. The resulting solution was warmed 
to about 50° and to it was added slowly, with stirring, a solution con-
taining 22 g. of sodium hydroxide in 20 ml. of water. The solution turned 
yellow and a heavy oily layer formed. Upon cooling, yellow crystals 
separated and the oily layer also solidified. The solid material was 
filtered and then recrystallized from 95 per cent alcohol; yield: 90 g., 70 
per cent. A small amount of the yellow crystalline material was recrystal-
lized three times from absolute alcohol; m.p.: 56-56.5° ; reported (4): 
56-57° . 
2-HYDROXY-3-METHOXYBENZAL-/l-BROMETHYLIMINE 
This preparation was carried out in the same manner as given above 
for the salicylaldehyde compound; m.p.: 73.5° (from absolute alcohol). 
2-HYDROXY -3-ETHOXYBENZAL-/l-BROMETHYLIMINE 
Same procedure; m.p.: 66.5° (from absolute alcohol). 
2-HYDROXY-3-NITROBENZAL-/l-BROMETHYLIMINE 
The 2-hydroxy-3-nitrobenzaldehyde used was carefully purified by 
slow crystallization from alcohol; m .p.: 110°. The procedure used above 
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was followed for the preparation of the Schiff's base; m.p.: 119-120° (from 
50 per cent alcohol). 
2-HYDROXY-1-NAPHTHAL-/3-BROMETHYLIMINE 
Same procedure; m.p.: 117°. 
ACTION OF AQUEOUS AMMONIA ON SCHIFF'S BASES OF ll-BROMETHYLAMINE 
A quantity of 2.5 g. of salicylal-~-bromethylamine was pulverized in 
a mortar and then placed in a beaker with 50 ml. of aqueous ammonia. 
The beaker was cooled in an ice bath and a stream of ammonia gas 
passed into the mixture for fifteen minutes. The cold mixture was trans-
ferred to a Coca-Cola bottle which also had been cooled in an ice bath. 
The bottle was closed with a rubber stopper which was wired securely 
in place, wrapped in several towels, and then heated gradually to 100° 
in a steam bath. At the end of four hours the bottle was cooled gradually 
to room temperature, then placed in an ice bath for several minutes before 
opening. An orange solid had crystallized in the bottom of the bottle. 
This solid material was recrystallized from absolute alcohol; m.p.: 
120-123° . A mixed melting point with pure disalicylalethylenediimine 
was found to be 120-123°. It was therefore concluded that this compound 
was disalicylalethylenediimine. 
A repetition of this experiment in which a 50 per cent alcohol-water 
mixture was used as solvent gave the same product. 
Similarly, with 2-hydroxy-3-ethoxybenzal-~-bromethylimine there 
was obtained yellow, crystalline material, m.p.: 137-138.5°, which was 
proved by mixed melting point with a known sample to be di- (2-hydroxy-
3-ethoxybenzal) -ethy lenediimine. 
ACTION OF AMMONIA ON DISALICYLALETHYLENEDIIMINE 
Disalicylalethylenediimine was dissolved in dilute alcohol and treated 
with ammonia under the conditions described above. The original com-
pound was recovered and no evidence was obtained of the formation of 
any hydrosalicylamide, the compound resulting from the condensation 
of three molecules of salicy !aldehyde and two of ammonia. 
ACTION OF AQUEOUS AMMONIA ON 2-HYDROXY-3-METHOXYBENZAL-,B-
BROMETHYLIMINE 
In order to determine if a temperature of 100° and ammonia under 
pressure were essential for the hydrolysis and amination reaction reported 
above, 2-hydroxy-3-methoxybenzal-~-bromethylimine was dissolved in 
50 per cent alcohol, saturated with ammonia at room temperature and 
then the solution heated to boiling. Upon cooling, orange crystals formed 
which were filtered, washed with alcohol, and dried; m.p.: 160°. It was 
therefore obvious that heating for a short period with aqueous ammonia 
was sufficient and that the conditions used above were far more drastic 
than necessary. 
\ 
148 LA WHENCE M. LIGGETT AND HARVEY DIEHL 
ACTION OF LIQUID AMMONIA ON 2-HYDROXY-3-METHOXYBENZAL-
tl-BROMETHYLIMINE 
It was found that liquid ammonia and 2-hydroxy-3-methoxybenzal-~­
bromethylimine did not react when mixed and warmed, allowing the 
ammonia to evaporate. 
In another experiment an ether solution of the Schiff's base 2-hydroxy-
3-methoxybenzalethylenediimine was treated with liquid ammonia. After 
the ammonia had evaporated and the ether solution warmed to room 
temperature, most of the ether was removed by distilling under diminished 
pressure. The compound was filtered and washed with ether; m.p.: 68-69° . 
It was recrystallized from anhydrous ether; m.p.: 70°. It appeared 
that the original Schiff's base had been recovered. 
In another experiment about 5 g. of 2-hydroxy-3-methoxybenzal-~­
bromethylimine was dissolved in 50 ml. of anhydrous ether. The solution 
was placed in a large test tube and cooled by placing in a Dewar flask 
containing liquid ammonia. When the solution had reached the liquid 
ammonia temperature, about 25 ml. of liquid ammonia was added to the 
ether solution and the tube again placed in the Dewar flask. After forty-
eight hours the crystalline material in the test tube was removed and 
washed with ether; m.p.: 149-152°. Upon recrystallization the m .p. was 
mo 0 , and a mixed melting point with pure di-(2-hydroxy-3-methoxyben-
zal)-ethylenediimine was 159-m0°. The results of this last experiment 
are in contrast with those of the first two in which liquid ammonia was 
employed. Perhaps this was caused by moisture collected by condensation 
from the air, and also by the longer period of time during which the 
reaction took place. 
THE REACTION OF 2-HYDROXY-1-NAPHTHALDEHYDE AND 
DISALICYLALETHYLENEDIIMINE 
About 5 g. of disalicylalethylenediimine was dissolved in 100 ml. of 
alcohol and warmed to boiling. To this hot alcohol solution was added 
about 2 g. of 2-hydroxy-1-naphthaldehyde dissolved in a little alcohol. 
Upon warming the resulting solution for a few minutes, a yellow crystal-
line material began to precipitate. Within three minutes a heavy precipi-
tate had formed which was filtered off, washed with alcohol and dried; 
m.p.: above 300°. This compound was therefore di-(2-hydroxy-l-naph-
thal)-ethylenediimine. The reaction may be readily explained on the 
basis of hydrolysis of the disalicylalethylenediimine and the condensation 
of the amine with ~-hydroxynaphthaldehyde. The reaction apparently 
goes to completion because the Schiff's base di- (2-hydroxy-1-naphthal)-
ethylenediimine is very insoluble and apparently not readily hydrolyzed. 
THE REACTION OF HYDROSALICYLAMIDE WITH 2-HYDROXY-3-NITROBENZAL-
tl-BROMETHYLIMINE 
Hydrosalicylamide was prepared by adding aqueous ammonia to an 
ether solution of salicylaldehyde. The resulting light yellow crystalline 
material was filtered, reslurried with absolute ether, filtered, and dried; 
m.p.: 158°, reported (5): mo 0 • 
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A quantity of 10 g. of hydrosalicylamide, 10 g. of 2-hydroxy-3-nitro-
benzal-~-bromethylimine, and 75 ml. of alcohol were placed in a Coca-Cola 
bottle, sealed and then heated to 100° in a steam bath for two hours. Upon 
cooling and opening a red crystalline material had separated. This 
material was filtered and washed with alcohol; m.p.: 205° . This compound 
was pulverized in a mortar, washed with hot alcohol, and filtered; m.p.: 
245°. This indicated that di- (2-hydroxy-3-nitrobenzal)-ethylenedi~ine 
was formed. From the original filtrate a small amount of disalicylalethyl-
enediimine was obtained; m.p.: 124°. 
THE REACTION BETWEEN HYDRAZINE HYDRATE AND DISALICYLALETHYLENEDIIMINE 
In a 200 ml. round bottom flask , 11.4 g. (0.05 moles) of salicylal-~­
bromethylimine was dissolved in 100 ml. of alcohol and 3.8 g. (0.1 moles) 
of 42 per cent hydrazine hydrate added. The solution was warmed slightly; 
a reaction seemed to commence even before the solution was heated to 
boiling. A few yellow crystals separated from the clear solution. A few of 
these were removed and washed with a little alcohol; m.p. : 205°. The 
mixture was refluxed gently for thirty minutes, during which more yellow 
crystalline material separated. The mixture was cooled and the crystals 
filtered. A portion of these crystals were recrystallized from absolute 
alcohol; m.p.: 216-217°. This compound was undoubtedly disalicylal-
azine ; reported for this material: 213-214° (6) . 
A sample of disalicylalazine was prepared by the addition of hydrazine 
hydrate to a warm alcohol solu,tion of salicylaldehyde. The condensation 
product was filtered and recrystallized twice from 50 per cent alcohol; 
m.p.: 216°. Probably the melting point reported in the above reference 
was 2° low. The melting point apparatus was calibrated at 212° and would 
therefore be correct within a fraction of one degree at 216°. 
A mixed melting point of disalicylalazine and the compound from 
the above experiment indicated the compounds to be identical. 
LITERATURE CITED 
1. Gabr iel, Ber., 50: 826. 1917. 
2. Organic Syntheses, Coll. Vol. I, Second Ed., p. 119. John Wiley and Sons, Inc., 
New York, 1941. 
3. Leffler and Adams, Jour. Amer. Chem . Soc., 59: 2254. 1937. 
4. Gabriel and Leupold, Ber., 31: 2832. 1898. 
5. Ettling, A nn ., 35: 261. 1840. 
6. Thiele and Bihan, Ann., 302: 303. 1898. 
STUDIES ON OXYGEN-CARRYING COBALT COMPOUNDS 
" XIII. APPARATUS FOR DETERMINING THE CAPACITY AND RATE 
OF OXYGENATION OF SOLID MATERIALS 
HARVEY DIEHL, CLIFFORD C. HACH, GEORGE C. HARRISON, 
LAWRENCE M. LIGGETI, AND RICHARD J. BROUNS 
Department of Chemistry, Iowa State College 
Received March 4, 1947 
Given a compound which has the unique property of functioning 
as an oxygen-carrier, the questions arise immediately: how much oxygen 
does it absorb, and, how rapidly does it do so? The answer to the first 
question can be obtained without much difficulty, even in those cases in 
which the oxygen-carrier tends to gain or lose its oxygen rapidly or in 
which it is hygroscopic and will not admit of exposure to the atmosphere 
during weighing. The second question is not so easily answered. The 
rate of oxygenation depends on whether air or oxygen is used, on the 
temperature and pressure, and on the rate of heat transfer and hence on 
the constructional features of the rate apparatus. 
The simplest method of determining the oxygen-carrying capacity of 
a solid material is by placing a boat bearing a weighed quantity of material 
in an atmosphere of oxygen at a suitable pressure, then after a sufficient 
time removing and weighing the boat and oxygenated material. The 
details of carrying this out are described here under Method A, The Direct 
Gravimetric Method. If the oxygenated compound loses its oxygen 
rapidly when the pressure is released or if it is hygroscopic and weighing 
in the normal fashion cannot be relied upon, then the oxygen may be 
expelled and collected and its volume measured (Method B, The Gas 
Evolution-Nitrometer Apparatus), or advantage may be taken of the 
change in pressure of the system during the oxygen absorption (Method 
C, Differential Manometric Apparatus). The latter method can be used 
also over a wide range of temperature. 
From the standpoint of manufacturing oxygen, the rate at which 
oxygen is taken from air is of more interest than the rate from an atmos-
phere of oxygen. The rate of oxygenation in air, however, is influenced 
by the rate at which the air is passed over the solid material, since it is 
obvious that the nitrogen left after the removal of the oxygen stops the 
oxygenation process. In addition, considerable heat is evolved in the 
oxygenation reaction and this heat would be partially carried away by 
the air. The thermal conductivity of the container and of the support, 
and the thickness of the bed of the material play a part. 
For engineering purposes or for securing the information required 
for postulating chemical mechanisms to explain the absorption of oxygen, 
the effects of temperature and pressure on the oxygenation rate must be 
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determined, and such information can more easily be secured using pure 
oxygen than using air. When oxygen is used it is not necessary that the 
gas be circulated over the bed of material, but it is essential that the 
oxygen be of high purity since otherwise the accumulation of nitrogen 
about the material would stop the oxygenation. 
It would appear that the rate of oxygenation in oxygen should be 
five times greater than the rate in air at the same pressure. This point 
has not been checked and may not necessarily be true, owing to the 
accumulation of nitrogen within the particles of the oxygen-carrying 
material as oxygen is removed from the air. Gas diffusion must be one of 
the principal controlling factors in this situation, and until more has 
been learned about the mechanism of the oxygenation-deoxygenation 
process, it seems best to carry out the rate studies with air where necessary 
and with oxygen where the nature of the results desired permit the con-
venience of using oxygen. 
In the interests of conserving time, the apparatus should be one 
which gives the complete oxygenation curve at one experiment, rather 
than an apparatus in which points on the curve are obtained as a result 
of a series of oxygenations discontinued after different intervals of time. 
Method D, Gravimetric Rate Method, in which the rate of oxygenation 
is followed by weighing the sample, falls in this category and therefore is 
less acceptable than methods in which the rate of oxygenation is followed 
continuously by the change in some property of the system, such as the 
gas pressure, the volume, or the magnetic susceptibility. 
Method D, The Gravimetric Rate Method, was poorly adapted to 
the determination of the rate of oxygenation at various temperatures and 
pressures. Method E, The First Gas Volumetric Method, in which the 
volume of oxygen absorbed was measured, was better in this respect. 
With it the rate of oxygenation of Co-Ox was measured at temperatures 
from - 7° to 40° and at pressures from 200 mm. to 870 mm. of mercury. 
Unfortunately it employed water as a retaining liquid and delivered 
oxygen saturated with moisture, a fatal defect in the case of the 3-alkoxy 
derivatives which are extremely hygroscopic. A Second Gas Volumetric 
Method, Method F, was designed to furnish dry oxygen and was consider-
ably simpler in operation than Apparatus E. 
The heat of oxygenation of the compounds of the Co-Ox type is 
about 20,000 calories per mole of oxygen. The shape of the rate curve is 
greatly altered when this heat is not removed rapidly. In the Differential 
Manometric Apparatus, Method C, the material was carried on a metal 
boat in a metal chamber, but even so the heat transfer characteristics 
were poor and the apparatus poor for rate determinations. In the first Gas 
Volumetric Apparatus, Method E, the material was supported in thin 
layers on metal fins, and in the Large Volume Manometric Apparatus, 
Method F , the bed of material was divided by vertical fins, so that both 
of these devices were excellent from the standpoint of heat transfer. In 
Method F, the Second Gas Volumetric Method, the material was placed 
in a glass U-tube and the heat conductivity was only fair. 
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Method G, The Large Volume Manometric Apparatus, was the most 
convenient method; the heat transfer characteristics were excellent; it 
permitted the determination of the rate at various temperatures but did 
not permit the variation of pressure. 
It was noted in connection with the studies on 3-Ethoxy Co-Ox that 
reproducible rate curves at a given temperature and pressure were not 
obtained until the compound had been put through three or four cycles 
of oxygenation and deoxygenation. Data showing this is plotted in 
Figure 1. 
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FIG. 1. Variation in the rate of oxygenation of 3-Ethoxy Co-Ox at 0° and 710 mm. 
Hg during the first few cycles. 
METHOD A. DIRECT GRAVIMETRIC METIIOD 
CAPACITY ONLY 
Most of the measurements of oxygen-carrying capacity described in 
these papers were made by exposure of the material being tested to an 
atmosphere of oxygen at increased pressures, generally up to about 300 
psig. These tests were carried out in a horizontal steel tube with a screw 
cap, the material being carried on a suitable boat. This type of apparatus 
permitted the capacity to be measured at only one temperature, not only 
because it would be difficult to jacket the bomb for heating or cooling 
media but also be~ause of the difficulty of removing the boat bearing 
the material for weighing, at which time oxygen might be gained or lost 
to the atmosphere. This technique has been satisfactory for work with the 
parent, oxygen-carrying compound inasmuch as its working range is 
somewhat above room temperature and it does not lose its oxygen readily 
on exposure to air. However, it is known that there exists an optimum 
temperature of oxygenation above and below which oxygen is absorbed 
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to a lesser degree, and it became desirable to have available a method of 
testing compounds at various temperatures. 
METHOD B. GAS EVOLUTION-NITROMETER APPARATUS 
CAPACITY ONLY 
Owing to the highly hygroscopic character of some of the oxygen-
carrying compounds investigated, the direct gravimetric method of 
determining capacity was occasionally inapplicable, owing to the impos-
sibility of weighing the compound in contact with air. In order to 
circumvent difficulties of this kind a method was devised in which 
the oxygen was expelled from the oxygenated material and collected and 
measured. 
This apparatus consisted of a source of carbon dioxide, a drying train, 
a glass tube in which the boat of material was placed, and a nitrometer. 
Dry ice was used as a source of carbon dioxide and the dry ice container 
was connected with a pressure regulator to control the rate of flow through 
the apparatus to the nitrometer . . The carbon dioxide gas evolved from 
the dry ice was passed through a U-tube containing phosphorous pentoxide 
on asbestos. This was found necessary since the dry ice always contained 
moisture condensed on its surface which was carried off with the carbon 
dioxide gas and formed ice in the tube containing the boat at low tempera-
tures. 
The procedure employed in determining the capacity of a sample 
using this apparatus was the following: A sample of the compound was 
deoxygenated under a vacuum at 100° and then the boat placed in a 
vacuum desiccator which was immediately evacuated before the boat had 
cooled appreciably. After cooling to room temperature the vacuum was 
quickly released and the boat of deoxygenated compound weighed im-
mediately. This weighing was made by first placing the approximate 
weights on the balance as determined by previous weighing, so that only 
about fifteen seconds were required to obtain the final weight. This sample 
was oxygenated in a bomb under 200 pounds oxygen pressure for fifteen 
minutes, and then weighed immediately after removing from the bomb. 
The boat was then placed in the deoxygenation tube of the capacity 
apparatus and the tube closed. The tube containing the boat was sur-
rounded by dry ice and then carbon dioxide passed over the boat con-
taining the compound until all the air had been swept out, as shown by 
micro-bubbles in the nitrometer. The nitrometer was filled with 36 per 
cent potassium hydroxide containing a trace of barium chloride added 
to prevent the formation of foam in the top of the nitrometer. The oxygen 
in the sample was released and collected in the nitrometer by first remov-
ing the dry ice packing and then gradually heating the tube containing 
the boat with the sample with an infra-red lamp. The tube was swept 
out with carbon dioxide until micro-bubbles were obtained. The capacity 
of the sample was calculated from the volume of oxygen collected as 
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will be subsequently shown. After cooling to room temperature in an 
atmosphere of carbon dioxide, the boat containing the deoxygenated 
sample was again weighed in order to serve as a comparison for the 
volumetric method. 
It was found that the completely oxygenated 3-methoxy compound 
lost oxygen slowly at room temperature under atmospheric pressure. 
Under a diminished oxygen pressure, produced either by a vacuum or a 
stream of carbon dioxide, it evolved a large portion of its absorbed oxygen. 
It was also found that the parent compound upon being placed in the appar-
atus lost weight slowly in an atmosphere of carbon dioxide. Because of 
these observations it was found necessary to cool the tube containing the 
weighed sample of oxygenated material with dry ice so that the com-
pounds would retain their absorbed oxygen until the air present in the 
tube at the time of the introduction of the sample was completely swept 
out. 
Since the oxygen collected was measured over a potassium hydroxide 
solution, correction was made for the vapor pressure of the solution as 
follows: from the International Critical Tables, Volume III, page 528, the 
formula given for calculating the vapor pressure of aqueous solutions was 
100 {P0 - P) 100 R = -----where 
MPo 
P 0 = V.P. H 20; M = moles/ 1,000 g. H 20; P = V.P. of solution. 
For potassium hydroxide, at 25°, when M = 10, 100 R = 5.62. 
Hence 
100 R · P0M 5.62 · 2410 P = Pn- =24- = 10.5mm. 
100 100 
This vapor pressure correction is valid only when the gas is measured 
over pure 10 M potassium hydroxide. This obviously was not done since 
rnme potassium carbonate would be formed by absorption of the carbon 
dioxide used to sweep out the apparatus. However, since the vapor 
pressure values in l.C.T. for potassium carbonate solutions closely 
parallel those for potassium hydroxide, it was assumed that the .error 
would be negligible if fresh 10 M potassium hydroxide was used for each 
run. 
The above method of measurement was checked by transferring 
several gas samples measured over potassium hydroxide to a water 
burette and again measuring the volume. Volumes of 30.0 and 50.0 ml. 
became 30.5 ml. and 50.8 ml., respectively, over water; the calculated 
volumes were 30.52 and 50.87 ml. It was thereby concluded that at 25° 
a vapor pressure correction of 10.5 mm. is correct, and this value was 
used for calculating results tabulated below. 
As a check, the capacity of several preparations was determined 
by the gas evolution-volumetric method and the direct gravimetric method. 
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Capacity, as percentage 
Gas Evolution Direct Gravimetric 
Method Method 
Co-Ox 
(Preparation 1) ................. ····· ....... 4.58 4.60 
Co-Ox 
(Preparation 2) ............................. 4.81 4.68 
3-Methoxy Co-Ox 
(Preparation 1) .... ...... ................. 3.98 4.06 
3-Methoxy Co-Ox 
(Preparation 2) ............................ 4.17 4.21 
3-Methoxy Co-Ox 
(Preparation 3) . ........... . ........ .. . .... 4.21 4.37 
In the case of 3-Methoxy Co-Ox the high results by the gravimetric 
method are probably due to the absorption of moisture during the weigh-
ing process. 
METHOD C. DIFFERENTIAL MANOMETRIC APPARATUS 
CAPACITY AND RATE IN OXYGEN 
This apparatus, shown in Figure 2, consisted of a row of four hori-
zontal chambers suitably interconnected. The central chambers B and C 
were made equal in volume (about 700 ml.), the outer chambers, A and D, 
being of equal volume (about 75 ml.) . Chamber A was fitted with a screw 
cap which could be removed so that a sample of material to be tested 
could be placed in the chamber on a suitable boat. Chambers A and D 
were interconnected through valves 5 and 6, and could be evacuated 
through the pipe between 5 and 6. Chambers B and C were inter-
connected through valves 1 and 2, and were charged with oxygen under 
pressure, the oxygen pressure being measured by a gauge on the oxygen 
line 6. Chambers B and C could be brought to the same pressure and 
then closed off from each other. The large chambers were also connected 
to the adjacent outer chambers through valves which could be opened 
to permit the oxygen to expand from the large chamber into the adjacent, 
small chamber. That is, the oxygen in B could be expanded through 
valve 3 into A , and the oxygen in C expanded through valve 4 into D. A. 
differential manometer was connected between Band C. As the material 
contained in A absorbed oxygen, the pressure of the gas in A plus B 
fell below that in C plus D, and the pressure difference was recorded on 
the manometer. As will be seen from the mathematical development given 
below, the actual pressure within the apparatus was not involved in the 
determination of the capacity of a material being tested. 
The chambers of this apparatus were constructed of hexagonal, brass 
bushing of suitable size. The chambers were connected by means of 0.25 
inch copper tubing. The valves were especially constructed of brass 
with stainless steel needles. The glass manometer was sealed to the copper 
tubing by a fused copper-glass seal. The screw cap of a chainber had a 
hexagonal head and was threaded about twenty threads to the inch. The 
Manometer 
Front view. 
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Fie. 2. Differential manometric apparatus for the determination of oxygen-
carrying cap;i,city. 
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collar which actually closed Chamber A was backed up by a thrust ball 
bearing such that the collar did not turn when the screw cap was tightened. 
A well insulated box serving as a constant temperature bath was mounted 
on a hydraulic jack so that it could be raised up about the apparatus. 
The box was equipped with a 0.25 h.p. refrigeration unit and had the 
copper tubing cooling unit around the inside walls. An alcohol-water 
mixture was placed in the box so that the apparatus could be operated 
at a temperature as low as - 20°. 
The sequence of manipulations in the operation of this instrument 
was as follows: A weighed sample of deoxygenated material contained 
on a boat was placed in Chamber A and the sealing collar, gasket, and 
screw cap put in place and tightened. Valves 3 and 4 were closed. Valves 
5 and 6 were opened, chambers A and D were evacuated and then valves 
5 and 6 were closed. The entire apparatus was immersed in a bath and 
sufficient time allowed for the apparatus to assume the temperature of 
the bath. Valves 1 and 2 were opened, chambers D and C charged with 
oxygen to a pressure somewhat higher than the final pressure at which 
the capacity was to be determined, and valves 1 and 2 were then closed. 
Valves 3 and 4 were then opened simultaneously and carefully to avoid 
any pressure differential which might force the mercury of the differential 
manometer into chambers B or C. Sufficient time was allowed for the 
compound to be completely saturated with oxygen and the difference in 
the level of the mercury in the manometer was read. From this pressure 
difference, the weight of the sample, and the pressure difference of a 
blank determination, the capacity of the material was calculated using 
the following formula: 
w. (100) 32 (l)P,- l'>Pb) (VA+n -d) 
Percentage Oxygen Absorbed = ---------------
w. RT 
where 
W , =weight of sample 
r>P. = pressure difference observed 
l'>Ph = pressure difference observed during blank run 
V A+R = rombined volume of chambers A and B 
d = density of sample (taken as 1.5 for these compounds) 
R = the Gas Constant 
T = the absolute Temperature 
This formula was developed as follows, using the further definitions: 
V A, V o, V e, V o= volumes of chambers A , B, C, and D, respectively 
V c+o = combined volume of chambers C and D 
P A+o = pressure in chambers A and B when interconnected 
(valve 3 open) 
P c+o = pressure in chambers C and D when interconnected 
(valve 4 open) 
n A, n 0 , nc, n 0 = number of moles of oxygen in A , B, C, and D, respec. 
tively 
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nA + n 8 = number of moles of oxygen in A plus B when inter-
connected 
nc + n 0 = number of moles of oxygen in C plus D when inter-
connected 
At the b eginning, valves 3 and 4 are closed, 1 and 2 open and B and C 
charged with oxygen, and, valves 5 and 6 open and A and D evacuated. 
Valves 1, 2, 5, and 6 are then closed and the following conditions prevail: 
P A = P o (= 1 mm. or less) 
P 13 = P c (5 to 250 pounds pressure) 
PAV A= nART and a similar equation for B, C, and D 
In a blank determination, no compound is placed in A and the expansion 
is carried out. If the construction were perfect V A + V B would equal 
V c + V 0 , and P A+B = P c+o· Since this is not actually the case, a slight 
pressure difference l'>Pb is obtained. Applying the gas laws: 
(1) P A+a (VA+ VB) = (nA + nB} RT 
(2) P c+o (Ve + Vo) = (nc + no) RT 
Subtracting (2) from (1) 
(nA + nB) RT (3) l'>Pb = P A+B - P c+o = ------ (nc + no) RT 
V A+ V a 
When an oxygen absorbing material is present, let 
n . = moles of oxygen absorbed by compound 
l'>F'8 = observed pressure difference 
then 
and 
(4) P A+a (VA+ Va) = (nA + nB - n, ) RT 
(5) P c+o (Ve + Vo) = (nc + no) RT 
(6) 
(7) 
s:p _ p _ ( nA + na - n.) RT 
u s - A+B - P c+o - --------
(nA + nB) RT l'>P . = ------
V A+ V a 
(nc + no) RT 
V A+ V n 
introducing equation (3) 
n. RT (8) bP, = l'>Pb + ---
V " + V u 
V e + V o 
(nc + no) RT 
V e + V o 
n. RT 
V A+ V s 
Owing to the variation of the diameter of the copper tubing, the 
volume of Chamber B is not exactly equal to the volume of Chamber C 
and the volume of A not equal exactly to the volume of Chamber D. For-
tunately, this difference can be corrected without much difficulty as 
indicated in the above mathematical development. 
As will be seen from the above mathematical analysis, it was necessary 
that the combined volume of chambers A and B must be known. This 
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volume was determined by two different methods. In one method the 
volume of chambers A plus B was determined by expanding air from 
chambers A plus B into a flask of known volume, and measuring the 
change in the pressure of the system by means of the manometer. The 
flask was attached to the evacuation tube (between valves 5 and 6), 
valves 1, 4, and 6 were closea, and valves 2, 3, and 5 were opened. Thus, 
chambers A and B were connected to each other, to the flask of known 
volume, and to the manometer. The second arm of the manometer 
remained open to the atmosphere by way of Chamber C, Valve 2, and the 
oxygen line. The volume of the connecting tube between Valve 5 and the 
flask was determined independently by a similar method and its volume 
rnbtracted in the determination of the volume of A plus B as just 
described. The volume of the flask itself was determined by weighing it 
full of water. The volume of chambers A plus B was found to be 779, 
781, and 781 ml. by three determinations. These values may be slightly 
in error because of the change in the volume of chambers A plus Bas the 
position of the mercury in the manometer changed; this error has been 
determined to be less than 2 ml., and thus so small that it may be 
neglected. 
The volume of chambers A plus B was determined also by calibration 
of the apparatus against a sample of the parent, oxygen-carrying com-
pound whose capacity had been very carefully determined by measuring 
the increase in weight on standing in pure, dry oxygen at atmospheric 
pressure (in this case saturation should not be made with high pressure 
oxygEn because it was found that after complete saturation, the compound 
is still capable of absorbing a few tenths per cent of oxygen more, 
possibly by adsorption). The results by this method checked the results 
of the first method within 2 ml. 
This apparatus made possible the determination of the oxygen-carry-
ing capacity of the compounds studied at a variety of temperatures and 
pressures. With some compounds these determinations cannot be made 
in the usual manner, inasmuch as the compounds frequently lose their 
oxygen spontaneously on being removed from an atmosphere of oxygen 
and cannot therefore be weighed sufficiently rapidly to prevent error. 
Alm, some compounds are hygroscopic in nature and cannot be exposed 
for weighing. . 
This apparatus was also used for the determination of the rate of 
oxygenation in oxygen of certain compounds. 
METHOD D. GRAVIMETRIC RATE METHOD 
CAPACITY AND RATE IN AIR OR OXYGEN 
In this procedure the material was placed in a U-tube, glass wool 
plugs inserted to prevent loss of compound, and the material oxygenated 
by the passage of a rapid stream of air through the tube. After a measured 
time the flow of air was stopped, and the U-tube closed, brought to room 
temperature and weighed. The material was then deoxygenated and the 
• 
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process repeated using a different time interval. The deoxygenation was 
effected by placing the U-tube in a beaker of hot water and passing a slow 
stream of nitrogen through it. Rates of oxygenation at various tempera-
tures were obtained by placing the U-tube in a liquid bath at the desired 
temperature and allowing sufficient time for temperature equilibrium to 
be established. 
By this method the rates of oxygenation of 3-Methoxy Co-Ox at 
various temperatures were determined (see Paper VI, Figure 1). 
METHOD E. GAS VOLUMETRIC APPARATUS 
CAPACITY AND RATE IN OXYGEN 
This apparatus devised for measuring the rate of oxygenation, Figure 
3, consisted of a gas holder, a reaction chamber, and a water manometer. 
Water was used as the retaining liquid in the gas holder, therefore the 
oxygen was delivered saturated with moisture. The gas holder was 
equipped with a modification of the Mariotte bottle so that it delivered 
the oxygen at a constant pressure, either greater or less than atmospheric 
pressure. The gas holder held about 2.5 liters and was calibrated with 
water delivered from a Morse-Blalock bulb. 
The reaction vessel was jacketed and the compound was carried on a 
metal tube with circular fins spaced about 7 mm. apart along the tube. 
This tube slipped snugly into the reaction vessel, and provided ample 
heat contact between the compound and the circulating liquid. Water from 
a large, well insulated carboy was passed successively through the jacket 
and the central metal tube bearing the fins; the thermometers were placed 
in the inflow and outflow water and the fl.ow of water was adjusted so 
that these temperatures were the same throughout a run, thus insuring 
that the compound remained at a constant temperature. At the conclusion 
of a run, steam was passed through the jacket for forty minutes to deoxy-
genate the compound. 
A water manometer was used to measure the pressure at which the 
gas was delivered. Time was measured with a stop watch and in general 
readings of time and gas volume were made every thirty seconds. 
The purity of the oxygen used was determined by the usual gas 
analysis methods using the alkaline hydrosulfite reagent. It was found 
that commercial tank oxygen was about as good as any made by heating 
a mixture of potassium chlorate and mangenese dioxide following evacu-
ation to remove residual air from the generator. Aqueous retaining 
liquids were freed of air by boiling or by sweeping for some time with 
oxygen and were subsequently protected from air. 
With this apparatus rates of oxygenation were determined on Co-Ox 
at pressures varying from 200 to 870 mm. of mercury, and at temperatures 
from - 7° (using a refrigerated brine) to 41° (see Paper Ill). 
METHOD F . SECOND GAS VOLUMETRIC METHOD 
The apparatus is shown in Figure 4. The U-tube was filled with a 
weighed sample of the compound. The sample was then deoxygenated 
• 
·c foxygen in . 
Mariatte Botfle 
FIG. 3. First gas volumetric apparatus used for measuring rate of oxygenation. 
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and activated by immersing the U-tube in a bath maintained at 120°. At 
the same time a stream of dry nitrogen was passed slowly 'through the 
U-tube to sweep out the oxygen and water. As soon as the deoxygenation 
and activation was complete, in approximately fifteen minutes, the stop-
cocks on the U-tube were closed and the U-tube installed in the apparatus. 
Ample time was allowed for the compound to come to the temperature 
of the bath. Then the U-tube and train up to the oxygen tank was 
evacuated. The buret was filled with oxygen from the cylinder. A salt 
solution was used as retaining liquid in the buret so as to give the oxygen 
Manometer. 
Gos Burel. 
01ygen Tonk . 
FIG. 4. Second gas volumetric apparatus used for measuring rate of oxygenation. 
contained in it the desired moisture content. When the evacuation was 
complete, the vacuum pump was stopped and the stopcock on the U-tube 
closed. Then the stockcock on the buret was turned in such a manner as to 
admit the oxygen to the U-tube. The leveling bulb was so handled that 
the pressure of the oxygen remained as desired through the run. Buret 
readings were taken at timed intervals, and from the volume of oxygen 
absorbed and the weight of the sample, the weight per cent of oxygen 
absorbed was calculated. The method was used principally in the deter-
mination of the rate of oxygenation of 3-Nitro Co-Ox (Paper V) . 
METHOD G. LARGE VOLUME MANOMETRIC APPARATUS 
CAPACITY AND RATE IN OXYGEN 
The change in pressure of the system as oxygen is absorbed furnishes 
a convenient way of following the absorption. It is free of manipulation 
during the absorption and gives an uninterrupted record of an individual 
absorption experiment. Unfortunately it is limited to determining the rate 
of oxygenation in pure oxygen only and cannot be used with air, owing to 
the accumulation of the residual nitrogen about the compound. Although 
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the pressure is not strictly constant during the run, the variation is rather 
small and has an insignificant effect on the rate of oxygenation of the 
material studied. 
The apparatus, shown in Figure 5, consisted of a 5-liter round bottom 
flask fitted with a two-hole rubber stopper firmly wired in place. This 
flask was placed in a constant temperature water bath the temperature 
of which was kept constant to within 0.1° . This flask was connected to an 
open arm mercury manometer and to the sample tube, vacuum pump, and 
oxygen cylinder through a suitable arrangement of 3-way stopcocks. The 
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FIG. 5. Large volume manometric method for measuring rate of oxygenation. 
sample tube was constructed of an 8 inch length of 1 inch standard copper 
pipe and had 4 copper fins soldered inside in the form of a +. Each 
end of the copper pipe was wadded with cotton and stoppered tightly with 
a rubber stopper. 
The apparatus was operated in the following manner: A 20 g. sample 
of compound was deoxygenated and activated in a boat at the required 
temperature. It was weighed in the boat, then heated again, and finally 
transferred quickly to the copper sample tube while hot. With reasonable 
care, the weight of the sample could be obtained accurately to 0.01 g. 
which is much less than the experimental error of the apparatus in 
general. The sample tube was assembled in the apparatus and a 2-liter 
beaker of boiling water placed around it. The system was evacuated and 
the sample heated for about fifteen minutes to deoxygenate the material. 
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A water bath at the desired oxygenation temperature was placed around 
the sample tube and twenty minutes allowed for cooling. After this, 
stopcock 8 was closed, the vacuum pump stopped, and then stopcocks 
7 and 8 turned so as to open the oxygen line to the Flask 12, keeping the 
sample tube evacuated. The flask was filled with pure dry oxygen at 
approximately atmospheric pressure. Stopcock 8 was then closed and 
sufficient time allowed for the oxygen to come to the temperature of the 
bath. The bath was always kept at room temperature and the stirrer 
operated to maintain a uniform temperature. The temperature of the 
sample and bath, and the pressure in the oxygen flask were recorded. 
Stopcock 7 was opened, admitting oxygen to ·the sample, and the progress 
of oxygenation followed on the manometer. 
The blank manometer reading due to expansion of the oxygen into 
the evacuated sample tube was determined and applied. This was 1.2 cm. 
of mercury for a 16-20 g. sample. For smaller samples this became 1.3 cm. 
Check results were obtained in the determination of this blank and the 
blank was determined for each sample. This was done by evacuating the 
system, filling the flask with dry nitrogen and then allowing the gas to 
expand into the sample tube. 
In early experiments with this apparatus a pyrex test tube was used 
to hold the sample. Duplicate runs were consistent but a very marked 
increase in the rate resulted when the copper tube with internal fins was 
substituted for the pyrex tube. This was, of course, due to the superior 
thermal conductivity of the copper sample tube. 
In several runs the weight of sample taken was varied and shown 
not to affect the results. 
The time required to cool the hot, freshly deoxygenated sample in 
the copper sample tube was varied from ten to forty minutes, to deter-
mine the time necessary to bring the sample to the temperature of the 
bath. It was found that twenty minutes was satisfactory. 
The results with this apparatus were very consistent. The rates of 
oxygenation of 3-Ethoxy Co-Ox (Paper VII) and of the various mixed 
compounds (Paper XI) , were determined with this apparatus. 
STUDIES ON OXYGEN-CARRYING COBALT COMPOUNDS 
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The reversible absorption and release of oxygen by disalicylalethyl-
enediimine cobalt (Co-Ox) and certain of its derivatives makes possible 
the separation of oxygen from the atmosphere. In brief, the process 
involves exposure of the oxygen-carrier to air so that it absorbs oxygen, of 
removing the residual nitrogen, of then causing the material to release 
its oxygen so that it may be collected in pure form, and of continually 
repeating this sequence. There are a number of ways in which this 
cycle of oxygenation and deoxygenation may be carried out: 
1. Temperature variation processes 
a. Batch (intermittent delivery from a single bed, steady 
delivery from a multiple bed) 
(1) Stationary bed 
(2) Agitated bed 
b. Circulating solid 
c. Circulating oil suspension 
2. Adiabatic processes 
a. Single bed 
b. Interlacing double bed 
Batchwise operation with a stationary bed appeared at first to be the 
simplest of these with respect to the construction, but actually posed 
certain difficult problems-principally that of heat transfer. The parent 
oxygen-carrying compound, Co-Ox, must be cooled to about 15° and 
subjected to air pressure of about 100 pounds pressure to effect the 
oxygenation rapidly. It must be heated to about 65° to expel the oxygen 
at atmospheric pressure. 3-Methoxy Co-Ox (Paper VI) operates at 
lower temperatures for both oxygenation and deoxygenation. The thermal 
conductivity of both materials is very low and the heat of reaction is 
quite high, of the order of 20,000 calories per gram mole of oxygen, heat 
being liberated on the absorption of oxygen. As a consequence, in a sta-
tionary bed apparatus the material must be placed in close proximity to 
cooling and heating surfaces. Agitation, on the other hand, increases the 
rate of heat transfer but introduces difficulties in filtering the fine , dusty 
oxygen-carrier from the gas streams, makes it necessary to evacuate a 
greater amount of residual air, and makes necessary certain precautions 
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to prevent dust explosions. In either the stationary bed or the moving 
bed apparatus a considerable quantity of metal must be alternately 
cooled and heated along with the compound. 
In the circulating solid type of apparatus, the material is made to 
circulate about in an apparatus in which the cooling and oxygenation are 
effected in one chamber and the heating and deoxygenation in a second, 
a suitable transferring device being employed to effect the transfer from 
one chamber to the other and back. Such an apparatus delivers a steady 
flow of oxygen. 
In the adiabatic method of operation, the difficulties of transferring 
heat into and from the material are obviated and the oxygenation and 
deoxygenation effected by changing the pressure of the system. Pre-
liminary work using the parent compound yielded unsatisfactory results 
for this type of operation, the pressure required being too great. It is 
possible that a successful adiabatic apparatus could be devised using 
3-Ethoxy Co-Ox, the rate of oxygenation of which is practically inde-
pendent of temperature. 
STATIONARY BED PROCESS 
In our first designs of apparatus for the manufacture of oxygen it was 
found that attempts to heat and cool a deep bed of material were imprac-
ticable, owing to the poor thermal conductivity characteristics of the 
material. The recirculation of cold air over the material to cool and 
oxygenate the material, and of hot oxygen to heat and deoxygenate it, 
was considered. It was found that nearly 50 cubic feet of oxygen at 100° 
was required to heat one pound of compound to the deoxygenation tem-
perature and to deoxygenate it. Thus, a huge volume of gas had to be 
circulated to secure the desired temperature change. This method had 
the advantage that the material could be insulated from the walls of the 
container and the heat capacity of the latter eliminated. But the excessive 
amount of pumping required made the method impracticable. 
In another apparatus an attempt was made to reduce the amount 
of the circulating gases required to cool and heat the compound. Copper 
coils were embedded in the compound every two inches through the 
container. Copper gauze was soldered onto the coils to secure greater 
surface. Steam or cold water was circulated through the compound. It 
was thought that the stream of the gas would carry the heat from the coils 
to the compound (or vice versa) , after which the gas would again come 
in contact with and assume the temperature of another coil. The rates 
of cooling and heating were again too low, probably because of a film of 
compound clinging to copper and gauze. A possible way to eliminate 
this trouble would be to put the coil in a cage so that no compound could 
touch it while the recirculating gas was able to come in intimate contact 
with the coil; this would have introduced a great many filters and was not 
tried. ' 
In a third apparatus the cooling was accomplished entirely by cir-
culating cold water, and the heating by circulating steam-only sufficient 
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air being passed over the compound to ensure complete oxygenation. The 
compound was packed between copper plates spaced about half an inch 
apart. Soldered to the plates were copper tubes through which either 
steam or cooling water could be passed. It was found that if the compound 
were packed in the mesh of an automobile radiator, and cooling water or 
steam passed through the radiator, excellent heat transmission to and 
from the bed compound was obtained. 
On long-time operation of such a bed, the compound set up to a solid 
which could be removed from the metal container only with the greatest 
difficulty. 
AGITATED BED PROCF.88 
Two apparatus falling under this classification were built. In the 
first a range boiler, 12 inches in diameter and 36 inches long, was used 
for the reaction vessel. This was surrounded by a jacket through which 
steam or cold water could be passed. A stirrer, somewhat resembling the 
rotating, cutting blades of a lawnmower, was mounted with its shaft 
in the axis of the tank, the axis being horizontal. Strips of rubber were 
placed along the edges of the blades to wipe the walls of the tank. Air 
was introduced through a pipe passing through the jacket and welded 
to the tank. The discharge gases were withdrawn through a centrifugal 
'dust separator. This apparatus worked fairly well but was rather slow, 
owing to the rigid adherence of the compound to the walls of the tank 
and the consequent decrease in heat transmission. 
In the second apparatus the tank containing the compound was made 
to revolve. The tank was 12 inches in diameter and 36 inches long. 
The interior of this tank was given a high polish by buffing with emery. 
Nine brightly polished copper fins, 2 inches wide and each running the 
entire length of the tank, were soldered to the walls of the tank. This 
about doubled the area of the metal surface, making a total' of about 18 
square feet. The cement-mixer · action of this design, coupled with the 
bright polishing of the metal surfaces and the large area of the latter, 
greatly improved the heat transfer over the apparatus described just 
previously. The apparatus was charged with 20 pounds of Co-Ox. Using 
steam, the deoxygenation was accomplished in about ten minutes. The 
cooling and oxygenation took fifteen to twenty minutes, the longer time 
being required since the difference between the temperature of the cooling 
water and 20°, the optimum temperature for oxygenation, was consider-
ably less than the difference between 65°, the deoxygenation temperature, 
and 100°, the temperature of the steam. Since about ten minutes more 
was required to evacuate the tank to remove the residual air after 
oxygenation and to pump off the oxygen remaining in the tank, the time 
required for a cycle was thirty-five to forty minutes. The purity of the 
oxygen produced by this apparatus depended on the completeness with 
which the residual air was removed prior to the deoxygenation step, 
though 96 per cent pure oxygen was typical. The details of construction 
are shown in Figure 1. The sequence of operations is obvious. 
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Frc. 1. Agitated bed apparatus used for the manufacture of oxygen using Co-Ox. 
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CONTINUOUS CIRCULATING SOLID APPARATUS 
The circulating solid type of apparatus has certain inherent advantages 
which make it of particular interest. The essential feature of the circulat-
ing solid apparatus is that the oxygenation and the deoxygenation of the 
oxygen-carrying material are carried out in separate chambers. The 
solid, oxygen-carrying material is first conveyed through the oxygenation 
chamber where it is cooled and exposed to air, is then transferred to the 
deoxygenation chamber where it is heated and where it releases its 
oxygen, and is then transferred back to the oxygenation chamber. This is 
shown schematically in Figure 2. 
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Deoxy9enotion Chomber. 
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in which air and 
oxy9en are separated 
from each other. 
F:c. 2 . Schematic diagram of circulating solid apparatus. 
Using the parent oxygen-carrying compound, Co-Ox, a pressure of about 
100 pounds per square inch is required to effect the oxygenation rapidly. 
3-Methoxy Co-Ox, however, oxygenates rapidly at atmospheric pres-
sure. One of the principal problems in the design of a circulating solid 
apparatus is the transfer of the material from the oxygenation chamber 
to the deoxygenation chamber. Obviously this is easier if the oxygenation 
and deoxygenation chambers are operated at the same pressure rather 
than different pressures. For this reason the 3-Methoxy Co-Ox was used 
in the circulating solid apparatus to be described, in which case the pres-
sure was atmospheric throughout the machine. 
The rate of oxygenation of 3-Methoxy Co-Ox at various temperatures 
is given in Paper VI, Figure 1. As will be observed, an optimum exists 
at about 0° in the rate of oxygenation, and at temperatures in the neigh-
borhood of 0° or slightly above, the oxygenation is about 90 per cent 
complete in eight minutes. The theoretical oxygen-carrying capacity of 
3-Methoxy Co-Ox is 4.15 per cent oxygen. Using a cycle in which the 
time of oxygenation is about eight minutes, the oxygenation can then be 
effected using air at atmospheric pressure. The temperature of deoxy-
genation of 3-Methoxy Co-Ox against oxygen at atmospheric pressure 
is about 80°. The deoxygenation takes place practically instantaneously. 
A time of fifteen minutes appeared possible for the circulation of the 
material completely through the apparatus, the material being cooled to 
5° in the oxygenation chamber and heated to 80° in the deoxygenation 
chamber. Assuming the effective amount of oxygen carried to be 3.5 
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per cent and the material to make four cycles per hour, about 1.6 cubic 
feet of oxygen are carried per pound of 3-Methoxy Co-Ox. A unit to 
produce 100 cubic feet per hour would require 62.5 pounds of the material. 
The properties of 3-Methoxy Co-Ox made it possible to operate this 
apparatus at essentially atmospheric pressure, the deoxygenation being 
carried out at a pressure only very slightly higher than that at which the 
oxygenation was effected. The device used to transfer the solid material 
from one chamber to the other thus had to work against a pressure of a 
FIG. 4. Circulating solid apparatus for the manufacture of oxygen using 3-
Methoxy Co-Ox. 
few inches of water. The transferring devices consisted of a compacted 
bed of 3-Methoxy Co-Ox which was slowly moved by augers and which 
was so constructed that a slight flow of oxygen was maintained through 
the bed and out of the deoxygenation chamber to the oxygenation cham-
ber-so as to continually sweep the air from the compound and maintain 
the purity of the oxygen produced. The oxygenation chamber was cooled 
by mechanical refrigeration to lower the temperature of the 3-Methoxy 
Co-Ox and to remove the heat of oxygenation. The deoxygenation cham-
ber was heated to raise the temperature of the oxygenated material 
to the point where its oxygen was expelled, and to supply the heat of 
deoxygenation. The air used was well dried and suitable provision was 
made for removing the finely powered 3-Methoxy Co-Ox from the air and 
oxygen streams. An attempt was made to make the apparatus as compact 
as feasible. 
The apparatus is shown in Figures 3 and 4. 
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GENERAL CHARACTERISTICS 
The apparatus was designed to have an oxygen capacity of 100 cubic 
feet per hour of oxygen of 98 per cent purity, delivered continuously. 
The apparatus contained 120 pounds of 3-Methoxy Co-Ox which circulated 
once every fifteen to twenty minutes. The outside dimensions of the 
apparatus were 3 ft. x 2 ft. x 6 ft. 
Electrical power was required; 220 volts direct current, 12 kilowatts 
if the deoxygenation was effected by electrically generated heat, 5 kilo-
watts if by steam heat. The input air flow was about 1,000 cubic feet per 
hour, the air being dried by passage through chambers containing 150 
pounds of walnut potassium hydroxide and 35 pounds of anhydrous 
magnesium perchlorate. 
The oxygenation chamber was constructed of 14 gauge spiral welded 
pipe, 12 inches in diameter and 51/z feet long. Refrigeration coils were 
soldered to the outside surface. It was covered with insulation 1 inch 
thick. The deoxygenation chamber was constructed of 14 gauge spiral 
welded piple, 6 inches in diameter and 51/2 feet long. It was heated electric-
ally by chromel wire carried on porcelain insulators. The current was con-
trolled by a 7.5 kilowatt variac, and for experimental purposes wattmeters 
were installed to measure the power consumption. Alternatively the de-
oxygenation chamber was heated by steam passing through a surrounding 
jacket. Water traps were provided to remove the water from the steam and 
catch the condensate for measurement. The compound in the chambers was 
stirred by narrow brass blades parallel to the axes of the chambers, car-
ried on shafts supported on sealed ball bearings. These stirrers and the 
various other moving parts such as the augers in the transferring devices 
and the refrigerator compressor were powered by a 5 h.p. motor. 
The refrigerant, Freon 12, was evaporated in seven parallel copper 
tubes, 1/2 inch in diameter soldered to the oxygenation chamber and the 
air cooler. The condenser of the refrigerator was cooled with water and 
was equipped with an automatic flow regulator; about 20 gallons of water 
per hour was used depending on the inlet temperature. 
The compound was cooled to 5° in the oxygenation chamber and 
heated to 80° in the deoxygenation chamber. The specific heat of 3-
Methoxy Co-Ox is 0.24 so that the heat to change 100 pounds of compound 
three times an hour through this temperature interval was 9,700 B.T.U. 
Using 20,000 cal. per g. mole of oxygen the heat of reaction was 14,300 
B.T.U. per hour (mol. wt. of compound per mole of oxygen: 770). The 
total heat to be moved per hour was therefore 24,000 B.T.U . or 7.05 kw. 
Using 70 B.T.U. per hour per square foot as the applicable rate of heat 
transfer, and 54.2° as the average temperature gradient, the wall area 
needed for cooling the compound was 1.42 square feet. Using 12° as the 
temperature gradient during the oxygenation reaction, the wall area 
required was 9.74 square feet, giving a total wall area required of 10.2 
square feet. The actual effective area was greater than this by about 20 
per cent. Using 100° as the wall temperature of the deoxygenation 
chamber, the average temperature gradient during the heating was 53.5° 
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and the wall area calculated to be 0.868 square foot. The temperature 
gradient during the deoxygenation reaction was 20° and the wall area 
required was 5.66 square feet. The actual effective area was considerably 
greater than the total area needed as calculated. 
Based on these calculations, the apparatus shown in Figures 3 and 4 
was designed and constructed. Numerous changes were made in various 
features of the apparatus during construction. The particularly difficult 
problems which arose are now discussed in detail followed by a descrip-
tion of the results obtained with the apparatus. 
HEAT TRANSFER 
Preliminary experiments indicated that if the 3-Methoxy Co-Ox were 
moved slowly through the chambers by means of slowly rotating augers, 
the contact of the material with the walls of the chambers was insufficient 
to yield the heat transfer needed. It was found that adequate heat transfer 
could be secured if the material were vigorously agitated. Heat transfer 
studies were made on specially designed auxiliary equipment to relate 
the heat transfer to the temperature gradient, to the speed of rotation 
of the stirrers used to agitate the material, to the character of the metal 
surface, and to other factors. Under favorable conditions a heat.. transfer 
rate of 75 B .T.U. per hour per square foot was obtained. This value was 
used in designing the apparatus and in actual operation this value was 
realized during the time that the chamber walls remained clean. After a 
period of operation, the walls became coated with a thick cake of com-
pound. 
MOVEMENT OF MATERIAL 
The physical characteristics of 3-Methoxy Co-Ox when oxygenated 
and when deoxygenated differ greatly. The oxygenated material, black 
in color, acts like wet sand, packs easily, and does not fl.ow readily. The 
deoxygenated material, maroon in color (when active) , behaves like Port-
land cement, fl.owing as a liquid when disturbed. , Under vigorous agita-
tion both forms became suspended in the gaseous atmosphere and the 
suspension behaved much as a fluid. All of these. characteristics had an 
effect upon the operation of the apparatus, movement of the suspended 
material occurring in the oxygenation and deoxygenation chambers and 
movement of the solid mass in the transferring devices. Suitable construc-
tion of the chambers, transferring devices, and the various augers, 
agitators, and dampers was found only after considerable experimentation. 
Numerous studies were made to find the most satisfactory pitch and speed 
of the augers in the transferring devices. A great deal of trouble was 
experienced with the damper used to control the flow of material through 
the apparatus; a satisfactory wedge shaped sliding damper of the proper 
dimension was finally fou~d to answer. The suspended 3-Methoxy Co-Ox 
slowly made its way through the oxygenation and deoxygenation cham-
bers by virtue of the agitation of the material while the material was 
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continuously added and withdrawn from opposite ends of each of the 
chambers. In the transferring device, the smooth flow and necessary 
compacting of the bed was secured only after repeated experimentation 
and redesign. 
DUST FILTRATION 
The high rate of .agitation of the 3-Methoxy Co-Ox necessary to 
secure adequate heat transfer complicated the problem of filtering the 
finely divided 3-Methoxy Co-Ox from the air and oxygen streams. A bag 
type filter of cotton ticking supported on wire screen was found satis-
factory and the dimensions of the filters as a function of the air flow were 
determined. 
The amount of 3-Methoxy Co-Ox powder which reached the filter 
bags was minimized by replacing the agitator blades on the agita,tor 
directly below the filter bag house with several flights of screw conveyer. 
The augers kept the chambers emptied out at these points, and did not 
throw excessive powder into the filter bag house as the plain agitator 
blades had done. 
TRANSFERRING DEVICES 
The transferring devices introduced to transport the solid oxygen-
carrying "'material from the oxygenation chamber to the deoxygenation 
chamber and back, and at the same time prevent the gases of the atmos-
phere of the two chambers from mixing, was simple in its fundamental 
idea but was difficult to reduce to practice. Some twenty devices were 
constructed to determine the best method of compacting and moving the 
solid material from one chamber to the other. In the final form the 
material was taken from the ends of the chambers and forced by means 
of a high speed, low pitch, horizontal auger into the bottom of a vertical 
standpipe in which it was forced to rise, forming a rather dense mass. 
The powder overflowed the vertical standpipe and slid down a chute into 
the other chamber. It was necessary to place a horizontal wire agitator 
in the vertical pipe to maintain the uniform flow of material through the 
entire cross section of the pipe and to maintain a satisfactory, gas pres-
sure differential across the bed of material. The speed and pitch of the 
agitator, the pressure drop across the vertical pipe, the loss of oxygen 
diffusing through the bed, the efficiency of the removal of air from the 
material, the differences encountered at the hot and cold ends of the 
apparatus, and other difficulties which were finally overcome are too 
numerous to detail in this place. 
REFRIGERATION OF THE OXYGENATION CHAMBER 
The copper refrigerating coils were soldered directly to the outside 
of the oxygenation chamber. A study was made to iJetermine the optimum 
length of the cooling coils and a detailed analysis was made of the operation 
of the refrigeration system to determine its efficiency and the heat actually 
removed during operation of the apparatus. A capacity booster was 
OXYGEN-CARRYING COBALT COMPOUNDS 175 
placed on the system to increase the efficiency of the refrigerator and a 
heat exchanger was also installed to precool the air entering the oxygena-
tion chamber. The refrigeration system functioned well, easily removing 
the 24,000 B.T.U. per hour of heat involved in the cooling and oxygenation. 
OPERATION 
After the various problems outlined above had been solved, a satis-
factory mechanical operation of the apparatus was secured and an output 
of 80 cubic feet per hour of oxygen of 90 per cent purity was obtained. 
Heat balance and power consumption studies were made. On continued 
operation, however, the output of the apparatus gradually diminished, 
for example decreasing in one run from 80 to 20 cubic feet per hour in 
about six hours. This behavior was traced to the formation of an adherent 
coating of 3-Methoxy Co-Ox on the walls of the oxygenation chamber and 
the consequent decrease in the heat transfer. Moisture was not involved 
in the formation of this coating and the coating formed only after the 
crystals of 3-Methoxy Co-Ox were broken up by the continuous agitation 
taking place. The addition of foreign materials such as graphite and ferric 
oxide did not inhibit the formation of the coating. The only successful 
method of overcoming this difficulty appeared to be a system of mechanical 
scrapers which were engaged periodically to remove the coating. A suit-
able mechanical arrangement of scrapers was devised but never installed 
on the apparatus. The coating formed during the operation of the 
apparatus was extremely adherent, being removed with difficulty with 
hammer and chisel. The character of the surface has little to do with the 
formation of the coating and only slight pressure is required to cause the 
formation of an initial stain on the surface, after which the cake builds 
up rapidly. The formation of the cake is dependent only upon the peculiar 
nature of the oxygen-carrying material. 
In a small auxiliary apparatus the deterioration of 3-Methoxy Co-Ox 
due to mechanical agitation alone was studied. In a dry, inert atmosphere 
at 100°, 3-Methoxy Co-Ox was inactivated by mechanical agitation in 
twenty hours, being converted to a bright red, inactive isomeric form. 
Unlike the corresponding inactive, bright red from the parent material 
(see Paper III), this inactive form could be reactivated by a brief heat 
treatment at 180°. The deterioration by agitation in the cold could not 
be determined, the adherent coating mentioned above being formed after 
a relatively few hours. 
EXPLOSION HAZARD 
The oxygen-carrying materials described in this series of papers are 
themselves not explosive, either in the oxygenated state or in the de-
oxygenated state. Suspended in an atmosphere of oxygen they may, 
however, cause a dust explosion of some violence. A spark or highly 
heated surface is necessary to set off such an explosion. Two explosions 
did occur during the work on the circulating solid apparatus, one when 
welding was being done on the apparatus loaded with carrier and the 
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other during operation when the flow of material was stopped and the 
electrically heated deoxygenation chamber became overheated. Provision 
had been made for explosions, the filter housings having been provided 
with explosion heads of heavy, varnished paper which blew out easily. 
Flame accompanied the explosions. The explosions occurred in the oxygen 
filter housing and were confined to the material suspended in the filter 
housing or to a small amount opposite the hot welding spot, and possibly 
to a small amount acting as a fuse to the filter housing; the amount of 
material involved in the explosion was thus very small. 
Further information on explosions was obtained with a pipe 6 inches 
in diameter and 8 inches long fitted with a two-bladed stirrer driven at 
400 r.p.m. At one end of the pipe was placed a circular wooden stopper 
which would easily blow out in case of an explosion. The pipe was fitted 
with a small electric heating element to set off the explosion. The pipe 
was filled half full of compound and flushed with oxygen. With the stirrer 
running, the wire was then heated. The behavior was erratic; explosions 
sometimes occurred, but more frequently there occurred only a little 
puff followed by flame. Apparently the concentration of material in the 
atmosphere of oxygen was too high to cause an explosion. This was the 
situation in the deoxygenation chamber of the circulating solid apparatus. 
When the amount of material was reduced so that only a small amount was 
suspended in an atmosphere of oxygen an explosion was almost invariably 
obtained. A temperature of 160° was needed to set off such a mixture. 
No explosion could be made to take place when air was substituted for 
the oxygen. It was found that the explosion of the material suspended in 
oxygen could not be made to propagate through several layers of 16-mesh 
wire screen. 
[ The present series of discussions of the "Studies on Oxygen-Carry-
ing Cobalt Compounds" is concluded with this paper.] 
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A concerted effort was made during the war period by committees2 
of the American Phytopathological Society to encourage seedsmen to 
pre-treat seed before sale. This was the most practical method of bringing 
the benefits of seed treatment to the public without becoming involved 
in an extensive publicity campaign designed to change the practices of 
millions of farmers and home gardeners. The objectives of this program 
were entirely sound in that large volumes of seed could be treated by 
preferred methods with a minimum expenditure of labor and machinery 
and without requiring the large inventories of scarce fungicides necessary 
if seed treatment was left entirely to the agriculturists. 
1\lthough the seedsmen, in general, were receptive to this program, 
they were confronted with two serious obstacles. Treated seed could not 
be sent through the mail in ordinary containers, according to the postal 
regulations that were in force; and all surplus seed had to be destroyed 
because it could not be recommended for use as livestock feed. The first 
obstacle was quickly removed by securing a new ruling from the Post-
master General, who agreed to accept treated seed in simple, standard 
packets. The disposal of surplus treated seed was not so easily solved 
since it was necessary to demonstrate that the fungicidal treatments, as 
recommended, would have no ill effects upon the development of young 
animals or the fattening of feeders. 
As a start on this problem, it was decided that tests should be made 
with tetrachloro-para-benzoquinone, since there was evidence (3) that 
it was relatively nontoxic to warm blooded animals and it had proved 
exceptionally effective as a seed protectant on peas (2,4,6,7,8), lima 
beans (1,5, 7), corn (2,6, 7) , and other types of seeds. It was decided 
that treated corn seed would be used for feeding hogs, since swine can 
obtain practically all of their food concentrates from this crop. They 
also have relatively limited stomach capacity. The chemical would not 
1 Formerly manager of Research and Development, Agricultural Chemicals Sec-
tion, Naugatuck Chemical Division, United States Rubber Company. The author is 
deeply indebted to Dr. George Taylor, Dr. J. B. Skaptason, and L. F. Whitney, D.V.M., 
for technical advice, and to Arthur Russell, Alec Fenwick, and Max Rochelle for 
technical assistance in carrying out these experiments. _ , 
' Vegetable subcommittee of the Seed Treatment Committee and Fungicide sub-
committee of the War Committee. 
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be diluted with a large volume of roughage as it would i£ fed to ruminants. 
Records on the growth, body characteristics, and food utilization of the 
animals receiving treated and untreated corn are reported in this article. 
MATERIALS AND METHODS 
The experiment was set up so there would be three lots of five animals 
each living under identical conditions (see Fig. 1) and having free access 
to food, minerals, and fresh water at all times. After the animals became 
adjusted to their environment and learned how to use the self-feeders, 
Frc. 1. Arrangement of the feeding lots showing the identical facilities in each 
lot. At the time of this photograph, the subject in the foreground had been receiving 
Spergon-DDT-treated corn for 39 days; those in the center, Spergon-treated corn for 
103 days; and those in the background, untreated corn for 103 days. 
Lot A received normal corn; Lot B corn treated with Spergon (98 per cent 
tetrachloro-para-benzoquinone) throughout the period (117 days); and 
Lot C received untreated corn seed during the early growing period and 
Spergon-DDT (1.2 per cent DDT and 96 per cent tetrachloro-para-benzo-
quinone) treated feed during the last 53 days. 
Good sound feed corn was purchased. Part of it was treated by 
conventional methods at the rate of 1.5 ounces per bushel. During the 
first three weeks it was ground into meal and thereafter it was cracked. 
The amount of chemical after the feed was processed was confirmed by a 
colorimetric analysis, so any deficit below the desired 0.16 per cent by 
weight, lost in milling, could be restored. During the last six weeks of 
the test suitable corn was not available on the market, so whole wheat 
was substituted. 
In order to secure a homogeneous population for the experiment, an 
effort was made to obtain pigs of identical parentage and to be certain 
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they were growing uniformly before the test was started. It was necessary 
to locate two litters of pigs. Ones were chosen that had been farrowed 
within a day of each other and were by the same Chester White boar 
from half-sister Chester White-Poland China sows. Unfortunately, one 
pig was crushed before weaning so a substitution was necessary. These 
pigs were placed in adjacent lots of alfalfa pasturage 32' x 46' and provided 
with identical facilities (Fig. 1). The pigs were allocated to the three 
lots on the basis of weight, parentage, and sex so as to secure equal 
balance as shown in Table 1. The males were castrated and each animal 
T ABLE 1 
REC ORDS O N fuREDITY , SEX, W EIGHT, AND GROWTH R ATE OF TEST ANIMALS 
B EFORE STARTI NG EXPERIM ENT 
T est Subj ect Weight of Animals 
--
Number 
Assigned Sex L itter J une 2 J une 25 July 10 J uly 24 July 25 
(f ounds) (pounds) (pounds) (pounds) (pounds) 
A-70 . . ....... ... Female No. 1 18 . 5 39 . 6 61 . 5 77 . 1 77. 0 
A-71 . ........... Male No. 1 8 .9 25 . 6 41 . 3 53 .9 54 .3 
A-72 . . . . ' ... . ... Female No. 2 14 . 9 32 . 5 50 .5 61 . 2 62. 4 
A-73 .. ..... ..... Female No. 2 15 . 3 34 . 6 52 . 5 67 . 5 67 . 2 
A-74 * .. . ........ Female No. 3 11. 1 19 . 6 . . . . . . . . . . . . . . . . . . . . .... 
Totals ......... . . . . . . . . . . . . ........ 68 .7 151 . 9 205 .8 259 .7 260 .9 
B-65 ..... . .. .... M ale No. 2 16 .6 35 .0 52 .0 66 . 1 66 . 5 
B-66 . . . . ....... ' Female No. 2 t4 . 3 33.4 50 . 4 68. 2 68 .2 
B-68 . . . . . .. ' ... Female No. 2 12 .0 24 .6 41 .8 59 . 3 59 .0 
B-69 . . . . . . . . . ... Female No. 1 16 . 3 35 .8 56 .7 77 . 1 76 . 4 
B-62* . . . ....... Female No. 1 9 .9 24 .6 . . . . . . . . . . . . ... ' . ..... . . 
Totals ......... .......... . . . . . . . . . . 69 . 1 153 . 4 200 . 9 270. 7 270 . 1 
C-61 ... . .. Female No. 1 15 . 8 32 .6 53 . 2 73 . 4 72 . 5 
C-63 . .. ... . . .. . . Female No. 2 12 . 5 30 .0 47 .9 63 .8 63 .0 
C-64 .. . .... ..... Female No. 2 19 .3 42 .8 61. 7 78 . 2 77 .8 
C-67 ........ . ... M ale No. 1 15 .1 31 . 8 48 . 2 65 .9 65 .3 
C-60* ....... . .. Male No. 2 9 . 4 27. 0 . . . . . . . . ... . .. . . . . . . . . . . 
--- ---
Totals .. . .. . ... ..... . .. . . . . . . . . . . . . 72 . 1 164.2 211 . 0 281 . 3 278 .6 
* R em oved because of poor growth rate. 
was vaccinated, dewormed by phenothiazine, and carefully examined by 
Dr. Whitney, D.V.M. who pronounced them all sound and healthy. 
The pigs were placed on a hog starter and skim milk diet for the 
first 23 days. During this period the gain in weight by pens, was A , 122 
per cent; B, 122 per cent and C, 128 per cent; so the distribution seemed 
equitable. However, it was noticed that the substitute pig (A74) in the 
control pen was not growing as well as the other fourteen subjects, so 
she was eliminated. In order to keep the lots uniform, the poorest 
animal (B62 and C60) in each of the other pens was also removed. 
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During the next 15 days the four remaining pigs in the control Lot A 
gained 55.6 per cent; those in Lot B, 56.0 per cent; and those in Lot C, 
53.8 per cent to give net gains of 73.5, 72.1 and 73.8 lbs., respectively. 
Obviously the three lots were as nearly identical as could be obtained 
with the available subjects. 
In order to check food consumption from the equipment that was 
to be used in the ensuing experiment, identical self feeders, each with a 
compartment for grain and a smaller compartment for protein supple-
ment, were placed in each pen. Both compartments were filled with 
starter mash and records were taken on consumption for the next 14 
days. During this period, the aggregate weight per pen of four increased 
to 261, 270, and 279 pounds and 202.1, 210.8, and 227.3 pounds of feed 
were consumed respectively in the three pens. The gain per pound of 
feed consumed during this period was .375 pounds in Lot A, .302 in Lot B, 
and .323 in Lot C. 
Obviously, the rates of growth and efficiency in utilization of food 
were almost identical. The starter ration then was removed, the 
grain compartments were filled with the appropriate type of corn meal, 
and the other compartment with a standard protein supplement. A 
separate supply of basic mineral and salt was maintained in each pen, 
fresh water was available at all times, and limited pasture was available 
until destroyed. Records were taken on the consumption of grain and 
supplement and the animals were weighed individually at regular 
intervals. ~. 
The animals were slaughtered when they reached a weight of 
approximately 220 pounds. Record& were taken on the size and co~dition 
of internal organs and the viscera were carefully examined by /a com-
petent veterinarian. I 
RESULTS OBTAINED 
Effect on growth. The records on the weight of each animal from the 
time the experiment was begun on July 25, 1945, until they were 
slaughtered on November 19 are given in Table 2. 
The significant fact in this experiment is that none of the pigs receiv-
ing treated grain were killed or showed any evidence of illness or lassi-
tude. The rates of gain were identical in all three lots. The average 
weight per animal at the end of the experiment was 223.3 pounds in the 
control, 224.9 in the Spergon-treated lot, and 220.8 in the Spergon-DDT 
lot. These figures probably appear more nearly identical than they 
should since one of the control animals (A 71) made atypical gain. Even 
if 'this animal and the poorest subject in Lot B were excluded from con-
sideration, there would be less than six pounds difference in the average 
weight in the two pens; so there was no significant difference in weight. 
Apparently the chemical treatment had no effect on either the growth 
rate or fattening of the hogs. It is interesting to note that the average 
gain in weight per day .was 1.29, 1.29, and 1.24 pounds per pig in the 
three lots-an excellent gain by commercial standards. 
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Effect of food consum,ption. There is little need to give a detailed 
record on the food consumption from week to week. There was no appre-
ciable difference since Pen A consumed 2,536.9 pounds of corn; B, 2,302.4; 
and C, 2,408.2 pounds. The consumption of protein supplement was 258.4 
pounds in Pen A, 378.6 pounds in Pen B, and 273.7 pounds in Pen C. 
There was a slightly heavier consumption of supplement in the lots 
receiving treated corn, particularly in the first three weeks after the 
treated seed was added. This observation suggests that treated seed 
was not quite so palatable as untreated, even though the taste was not 
TABLE 2 
WEIGHTS OF SWINE ON DIF FERENT DATES DURING F E EDING EXPERIMENT 
-
Weight of animals on different dates 
--------- ------------------
Anim'.il* Aug. Aug. Aug. Sept. Oct. Oct. Nov. Nov . Nov. 
Tested 4 18 30 20 5 24 7 12 19 
------------------------
(lb .) (lb .) (lb. ) (lb. ) (lb .) (lb. ) (lb. ) (lb. ) (lb .) 
A-70 .....•.. 92 .2 114 . 5 129 .7 160 .6 183 .5 205 .7 227 .7 234 .6 241 .2 
A-71 ........ 69 .0 90 .7 103 .0 122 .7 144 .6 ' 161 .2 175 .3 181 . 3 183.9 
A-72 ... .. . . . 78 .7 96 .7 114 . 4 145 . 3 170 .1 198 .0 224.5 228.3 235 .7 
A-73 ........ 81. 5 103 .7 119 . 7 146 .9 165 . 4 191. 3 216.1 224.1 232.7 
Average . . .. 80 . 4 101 .4 116. 7 143 . 9 165 .9 189 .0 210 . 9 217 . 1 223 .3 
B-65 ..... . .. 81. 9 102 .9 120.3 145 .5 164 . 5 181.0 200 .0 201 .6 207 .6 
B-66 ... .. ... 83 .0 101 .3 116 . 1 147.8 168 .3 191 .3 209 .0 213 .7 220 .2 
B-68 . . .. . ... 73 .2 91 .6 107. 8 141 . 2 162.0 188.7 210 .9 217 .7 225 .3 
B-69 ........ 92 .7 111. 6 128,. 6 161. 9 185.6 212 .7 233.8 241.2 246.6 
Average . ... 82 .7 101 .8 118. 2 149 .1 170 . 1 193 .4 213 .4 218 .6 224 .9 
C-61 ........ 85 .8 104 .8 ' 118 . I 143.5 165 . 6 192 . 1 205 .8 217 .3 223 .5 
C-63 .... . ... 76 .9 97.7 112 .2 145 .0 168 .7 200 .9 213 .8 215 .2 222 .0 
C-64 .... .. .. 90.8 109 .1 121 . 3 145 . 2 167.4 191 .4 205 .3 210 .0 220 .0 
C-67 . ....... 80 .3 103 .8 115 .4 138 .9 164 .8 187 .8 202 .3 217 . 1 217 .5 
Average . . .. 83 .4 103 . 8 116 . 8 143 .2 166 .7 193 .0 206 .8 214.9 220.8 
*Animals in lot A received untreated corn. Those in lot B, Spergon-treated corn through-
out, and those in lot C, Spergon-DDT-treated corn after September 27. 
seriously objectionable to swine. The average consumption of all types 
of feed in the three lots was 5. 728, 5.482, and 5.496 pounds per pig per 
day, respectively. 
The efficiency of the animals in converting feed into pork was not 
affected by administering treated seed. Records on the amount of food 
consumed to produce a pound of gain are presented in Table 3. 
Effect on body and organ development. When the animals were 
slaughtered, records were taken on the body weight before and after 
dressing, so that it was possible to calculate the dressing-out ratio (with 
heads on the carcass). All internal organs were weighed after draining 
and cooling. The records given in Table 4 show that there was no signifi-
cant difference in internal organs except for an enlargement of the liver 
in the treated lots. These livers were considered normal by a veterinarian 
and histological sections failed to reveal any pathological condition. 
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TABLE 3 
AMOUNT OF TREATED AND UNTREATED FOOD REQUIRED TO PRODUCE A 
POUND OF GAIN IN BODY WEIGHT OF SWINE 
Total Food Required to Gain 1 Pound 
Untreated Spergon Spergon-DDT 
Period of Observation Ending Check Treated Treated 
( pounds ) (pounds) (pounds ) 
August 4 . ....... . .. . .......... 3 . 49 3 . 55 3.89 
August 18 .. . . . . . . . . . . . . . . . .. . 3.47 3 .71 3.74 
August 30 .............. . . . . . . . 3.61 3 . 61 3.89 
September 20 . . ........... . .... 3 .80 3 . 61 3 .90 
October 5 .. . .... .............. 3 . 89 3 . 69 3 .92 
October 24 ... ... . . ... . ... . ... . 4.11 3 .92 4 .05 
November 7 . ... ............ . .. 4 .18 4.01 4 .22 
November 12 ......... . .. ... . . . 4 . 23 4 .05 4 .22 
November 19 ...... . .•...... . .. 4 . 42 4.25 4 . 43 
The animals in the control pen had a slightly better dressing per-
centage. Presumably, this was due to a shade better finish associated 
with a slightly heavier consumption of grain in the last two or three 
weeks of the experiment. 
DISCUSSION 
The significant fact uncovered in this test is that the fungicide did 
not cause any acute poisoning of the animals at the rate ordinarily used 
for treating seeds. None of the animals became ill, even though main-
TABLE 4 
DEVELOPMENT OF CARCASS AND INTERNAL ORGANS OF Hoes RECEIVING 
UNTREATED AND TREATED CORN 
Dressed 
Weight of Internal Organs 
Animal Tested Weight Heart Liver Lungs Kidney 
I percentage) (grams ) (grams ) (grams ) (grams ) 
A70 .... . ... .. . . .. 78 . 3 259 1,210 946 293 
A71 ..... . ... .. ... 76 . 3 273 1,864 1 ,092 285 
A72 ...... . ... . ... 80.5 248 1 , 590 854 257 
A73 . . ..... . ...... 77 . 7 260 1,621 630 280 
Average . ..... .. . 78 . 3 260 1 , 571 880 279 
B65 .............. 79 . 3 217 2 , 388 664 246 
B66 ...... . . : .... 75 . 6 263 2 , 121 1,052 243 
B68 . . ..... . . . . . . 75 .8 259 2 , 389 1 , 275 265 
B69 .. ..... . . . .... 75 . 4 318 2, 157 920 332 
Average . . .... .. . 76 . 5 264 2 , 264 978 272 
C61. . ............ 76 .2 241 2 , 081 495 292 
C63 ............. . 78 .8 280 1 , 343 1 , 431 275 
C64 .. .. . .. .. .. . .. 78 .0 270 2,051 806 234 
C67 . . ..... . ..... . 76 . 2 230 2 , 298 1,086 261 
Average . ...... . . 77 .3 255 1 , 941. 955 266 
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tained on a steady diet of treated seed-a condition that would· rarely 
be expected to hold on an average farm. These findings are entirely in 
keeping with the observations on laboratory animals made by McGavack 
et al. (3) . They found an LD50 for rats by oral feeding of 4 grams per 
kilo of body weight. Translated to domestic animals, this would be 
equivalent to 4.8 pounds for a 1,200 pound steer or .8 of a pound for a 
200 pound hog. They also observed that feed containing .044 grams daily 
apparently could be tolerated indefinitely (to 154 days) without causing 
appreciable injury. 
It cannot be claimed that Spergon was absolutely inert when incor-
porated in the feed. In addition to reducing the animals' relish for the 
grain by a trifle, it did affect the liver. The 40 per cent enlargement 
is definite evidence of an unusual condition. It should be pointed out, 
however, that such an enlargement is not unusual in ordinary diets when 
used excessively-as, for example, when geese are force-fed. Although 
there was no evidence of tissue degeneration in the liver, it may be 
assumed that such could be expected if the dosage of tetrachloro-para-
benzoquinone was multiplied several fold. McGavack et al. (3) found 
slight degeneration in about a third of the animals fed more than 0.3 per 
cent in feed. The rate used in this experiment was only half as much. 
For all practical purposes, it can be said that seed treated with 
Spergon can be safely fed to swine. It is unlikely that under normal 
conditions animals will be subject to such a severe test as this one, where 
they were maintained on a full diet of treated corn throughout their 
growing and fattening period. It is possible that under some condition 
not encountered in this test, some injury from the fungicide might occur; 
but such a possibility is considered as rather remote. It is not logical at 
this time, however, to interpret these data as extending to every kind of 
domestic fowl and animal. Practical observations have been made, how-
ever, of cattle, chickens, and sheep receiving a few feedings of treated 
grain without deleterious effect. 
SUMMARY 
Corn seed treated with tetrachloro-para-benzoquinone at the rate 
ordinarily recommended (0.16 per cent by weight) as a seed protectant 
did not adversely affect either the growth rate or fattening of Chester 
White swine maintained on it continuously for 117 days. The animals 
grew at the same rate and made as efficient use of the food consumed as 
litter mates supplied with untreated seed from the same stock. 
The use of seed treated with Spergon-DDT over a period of 53 days 
caused no adverse effects. The amount of food required to produce a 
pound of gain in body weight ranged from 3.5 to 4.4 pounds, depending 
upon the stage of development of the swine. At no tinie during the 117 
days was there an appreciable difference in the food-growth ratio of the 
lots receiving treated and untreated seed. 
The tetrachloro-para-benzoquinone apparently rendered the corn 
slightly less palatable, even though it did not interfere with normal con-
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sumption of feed. The only other adverse effect detected was a moderate 
enlargement of , the liver without creating any obvious pathological 
condition. 
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Clear Lake, in Cerro Gordo County, is the third largest lake in Iowa 
and is one of the most important natural lakes in the state for fishing and 
recreational purposes. A scientific study of the fish population and fishery 
management problems of the lake was undertaken by the Iowa Coopera-
tive Fishery Research Unit in 1941, 1942, and 1943. A brief description 
of the lake, a list of the species of fishes collected, and a discussion on 
certain ecological relationships of various fish species has already been 
published (Bailey and Harrison, 1945). 
The present paper is concerned with the growth rate of one of the 
most important game fishes. Bailey and Harrison (1945, p. 69) state: 
"The yellow bass was introduced into CJear Lake, probably incidentally 
in mixed shipments of fish from the Mississippi River, and made its initial 
appearance in anglers' catches about 1932. The population increased 
rapidly so that except for the black bullhead it is now the most numerous 
pan or game fish in the lake." (See Fig. 1.) 
COLLECTION OF SAMPLES 
Relative to the collection of fish, Bailey and Harrison state (p. 63): 
"A variety of gear was used in making collection, and no habitat was over-
looked. Seines, ranging in length from 10 to 2,100 feet and in square-mesh 
size from 'common sense' to three inches, proved especially effective 
because most of the bottom is gently sloping and relatively free from 
impediments. Experimental gill nets with graduated mesh sizes from 
three-fourths to three inches were utilized in addition to standard nets 
of two, two and one-half, and four-inch square mesh. Many hook-and-
line catches have been examined. The collections are distributed through-
out the open-water season from April to November." 
LENGTH CONVERSION FACTORS 
The length of a fish can be measured in a number of ways, depending 
1 Journal Paper No. J-1486 of the Iowa Agricultural Experiment Station, Ames, 
Iowa, Project No. 763, and the Industrial Science Research Institute (Project No. 44) 
of Iowa State College; in cooperation with the Iowa State Conservation Commission. 
• The authors wish to express their appreciation to Dr. Reeve M. Bailey and Mr. 
Harry M. Harrison, Jr. for permission to use the scale collections which form the 
basis of this paper. Dr. Bailey and Mr. Harrison collected, measured, weighed, and 
sexed the fish, collected the scales, and calculated the coefficients of condition. 
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upon the amount of the tail included in the measurement. In this growth 
study, standard length used in all calculations was measured in a straight 
line from the tip of the snout to the end of the hypural plate (base of the 
tail). In addition, total length, measured in a straight line from the tip 
of the snout to the tip of the caudal fin with the lobes of the fin compressed, 
was recorded for most of the fish. On the basis of the measurements on 
290 yellow bass, the following conversion factors were calculated: 
To change Multiply by 
Standard length to total length, no change in unit of measure . . . . . . . 1.2451 
Total length to standard length, no change in unit of measure . . . . . . . . . . 0.8031 
Standard length in millimeters to total length in inches. . . . . . . . . . . . . . 0.0491 
Total length in inches to standard length in millimeters ........ ... . 20.3987 
No difference in these conversion factors was found between males 
and females , nor was there any evident change in the length of the tail 
with increase in length over the range of 160 to 259 millimeters. 
SCALE PREPARATION AND PROJECTION 
The scales were made ready for projection by placing the dry scales 
on a microscope slide, covering them with a few drops of water, and 
F IG. 1. Yellow bass from Clear Lake. 
placing a second slide on top of them. Rubber bands were used to clamp 
the slides together and flatten the scales. A short time was allowed for 
the scales to become thoroughly wet, as it was found that the definition 
of the annuli was improved by this procedure. Projections were made 
with a microprojector similar to that described by Van Oosten, Deason, 
and Jobes (1934) . A magnification of 27 diameters was used. The cal-
culated growth at each annulus was determined with a nomograph (Car-
lander and Smith, 1944). 
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BODY-SCALE RELATIONSHIP 
In much of the earlier work on the calculation of growth rates from 
scale measurements, the body-scale relationship was assumed to be a 
straight line from zero, and the growth rates were calculated from the 
scale measµrements by direct proportion. Recent studies have shown 
the necessity for determining the body-scale relationship for each species, 
and even for different populations of the same species. The body-scale 
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Fm. 2. Relationship between anterior radii of scales and standard lengths of 
Clear Lake yellow bass, 
relationship of 396 yellow bass from Clear Lake (Fig. 2) was determined 
by plotting the mean body lengths at 10 millimeter intervals against the 
mean scale radii and fitting a straight line to the data by the least squares 
method. A straight line having a slope of 1.53 and an intercept on the 
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length axis of 16.2 millimeters fits the plotted data quite well. Therefore 
the growth calculations were made on a direct proportion basis using 16 
millimeters as a base rather than zero (Carlander and Smith, 1944) . 
Presumably, 16 millimeters is the length of the fish at the time the scales 
are formed. 
VALIDITY OF SCALE METHOD 
The scale method of age and growth determination has been used 
for a large number of species, but it is well to test the method whenever 
it is applied. The present study shows rather clearly that the annulus is 
a true year mark. As will be pointed out later, the great majority of 
the yellow bass collected in 1941, 1942, and 1943 belonged to the 1939 
year-class. This predominant year class could be readily followed from 
year to year and the addition of a new annulus each year could be demon-
strated. In 1941, the fish had two annuli; in 1942, three annuli; and in 
1943, 4 annuli. The annuli of yellow bass are quite distinct and can be 
readily recognized, at least on the younger fishes. The comparison of 
calculated lengths for previous years, based on fish collected in different 
years of life, also serves as verification of the scale method. 
GROWTH OF YOUNG-OF-THE-YEAR 
Bailey and Harrison (1945) have already published a summary of 
some of the data given in Table 1. The data are given here in more 
TABLE 1 
GROWT l-1 OF Y OUNG- OF-THE-YEAR CLASS 
--
Standard Length 
in Millimeters Average Daily 
N umber Growth fo r Period 
Collection Period of Fish Range Mean Eetween Collections 
July 25- Aug. 10, ' 42 ......... . 44 32- 56 42 . 2 . . . . . . . . . . . . . . . . . . . . 
Sept. 2- Sept. 9, '42_ . _ ........ 36 47- 69 55 _5 _39 mm. 
Nov. 5, ' 42 ....... ..... . .. ... 41 52- 82 61 . 9 .10 mm. 
July 10, ' 43_ . _ . . _ . . ......... 216 22- 34 28 . 5 . . . . ..... . . . . . .... 
July 21-July 24, '43 .. _. _. _ ... 135 28- 48 38 . 1 .80 mm. 
O ct. 29, '43 ...... . . . . . . . • .• .. 58 52- 82 65 .0 .27 mm . 
detail, to present as complete a picture as possible of the growth of the 
young fish and to permit a comparison of the calculated growth for the 
first year of life with the actual measurements of the young-of-the-year. 
The rate of growth during the month of July appears to be more rapid 
than during the later months of the year. The 1943 yellow bass grew 0.8 
millimeters per day for the period July 10 to 22. 
The average calculated standard lengths for the first year of life for 
the 1937 and 1939 year classes were 91 and 84 millimeters, respectively 
(Tables 2 and 3). These calculated lengths are about 20 millimeters 
longer than the measured lengths of young-of-the-year yellow bass in 
late October, 1943, and early November, 1942. This difference between 
calculated and measured lengths may be the result of (1) further growth 
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TABLE 2 
CALCULATED AND M E ASURED LENGTHS OF 13 YELLOW BASS OF THE 
1937 YEAR CLASS, SEXES COMBINED 
189 
Calculated Standard Lengths in mm. 
Standard Length at the End of Each Year of Life 
Number in mm. at Time ----
Age Group Examined of Capture 1 2 3 4 5 
---- ---- ----
IV ...... . . 3 237 95 178 209 227 . ..... . . 
V .. ... . . . 10 232 90 172 205 223 232 
------------ ----
Total and means 13 ... . .... . . . .. .. .. . . . 91 173 206 224 232 
Standard deviation of lengths .... . ....... 6 . 43 7.97 9 . 57 10.88 12 . 67 
Equivalent total length in inches . ....... . 4 . 47 8 . 49 10 . 11 11.00 11 . 39 
Annual increment (mm. of S.L. ) . . ..... . . 91 82 33 18 8 
Summation of annual increment . . ... .. .. 91 173 206 224 232 
after the first of November but prior to annulus formation the next 
spring, (2) slower growth during 1942 and 1943 than in 1937 and 1939, 
or (3) discrepancies in body-scale relationship resulting in errors in 
calculated growth. 
ABUNDANCE OF VARIOUS YEAR-CLASSES 
The striking difference in the abundance of yellow bass hatched out 
in different years was noted by Bailey and Harrison (1945). They state 
(p. 69): "The strong 1939 year-class predominated in the catch from 
TABLE 3 
CALCULATED AND MEASURED LENGTHS OF 277 YELLOW BASS OF THE 
1939 YEAR CLASS, SEXES COMBINED 
Calculated Standard Lengths in mm. 
Standard Length at the End of Each Year of Life 
Number in mm. at Time 
Age Group Examined of Capture 1 2 3 4 
II .. .. .... 93 184 87 143 . . . . . . . . . . . . .. . . . . .. 
III .. ... . . . 159 190 82 138 180 ....... ' 
IV ........ 25 210 88 148 187 203 
Total and means 277 . . ... . ....... ... . . . 84 141 181 203 
Standard deviation of lengths . .. . .... . ... 8.57 9 . 36 7 . 44 9.07 
Equivalent total length in inches ....... . . 4 . 12 6 . 92 8 .89 9.97 
Annual increment (mm. of S.L. ) . ... ..... 84 57 42 16 
Summation of annual increment .. . ..... . . 84 141 183 199 
1941 to 1944, at which time there was yet no evidence that it was losing 
its dominance." Bailey and Harrison found no young yellow bass of the 
1940 year-class and only one of the 1941 year-class. In 1942 and 1943, 
however, they found many young yellow bass. 
Out of the 290 fish over one year old examined in these growth 
studies, 13 were from the 1937 year-class and 277 were from th!;! 1939 year-
class. Apparently 1938, 1940, and 1941 were poor years for spawning or 
for survival of the young yellow bass. As yet, we have no indication of 
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the reasons for these poor years and good years, and this is one problem 
that needs further study. Similar, though usually less striking, differ-
ences in the abundance of fishes of various year classes have been reported 
for many other waters and other species of fishes. 
GROWTH OF OLDER FISHES 
The growth data on the 1937 and 1939 year-classes are kept separate 
since there is a considerable difference in the rate growth of the yellow 
bass in these two year classes (Tables 2 and 3). The fish in the 1937 
year-class reached the Iowa legal length of seven inches, total length, 
during their second year of life, while the average yellow bass in the 1939 
TABLE 4 
CALCULATED AND MEASURED LENGTHS OF CLEAR LAKE Y ELLOW BASS ARRANGED ACCORDING 
TO Y EAR CLASS, COLLECTION DATE, AND SEX 
Calculated Standard 
Length (mm. ) at End Standard Length 
of Each Year Li fe (mm.) at Capture 
~1· - ,--1--1--1------Standard 
__ D_ a_te_ o_f_C_ ot_t_e_c_ti_o_n_ Ag~ ~ Fish _ 1 ___ 2 _ _3 __ 4_ _ 5_ Mean Deviatio~ 
Sept. 23, 1941 ..... . 
Oct. 13, 1941 ....... . 
O ct. <" 3- 26, 1941 ..... 
Nov. 20, 1941 .... , .... 
Apr. 29, 1942 * ...... . 
Oct. 1 & 3, 1942 ... 
July 21 - 24, 1943 .. . . , 
O ct. 29, 1943 . 
(1'.)39 Year Class) 
2 
2 
2 
2 
3 
3 
4 
4 
M 
F 
M 
F 
M 
F 
M 
F 
M 
F 
M 
F 
M 
F 
F 
8 
21 
6 
6 
19 
7 
15 
1l 
28 
10 
52 
69 
10 
12 
3 
(1937 Year Class) 
87 
91 
87 
86 
87 
86 
82 
86 
85 
85 
81 
80 
89 
89 
80 
142 .... 
148 .. ' 
143 . 
142 .... 
142 ....... . .. . 
145 ...... . 
141 
141 ... 
143 184 ...... . 
143 188. 
137 177 ... . 
136 178 ... . 
154 189 206 ' . 
146 186 202 ... ' 
138 182 199 . 
182 
188 
182 
185 
182 
186 
183 
185 
184 
188 
190 
193 
213 
208 
208 
-------------- ----------------
O ct. 28, 1941 ....... . 4 
Apr. 15 & 17, 1942 * .. 5 
M 
M 
F 
3 
6 
4 
95 178 209 227 . . . 237 
91 168 199 217 226 .226 
90 176 21 3 232 242 242 
7.75 
7 .82 
5.00 
3.75 
7.75 
6.48 
6 . 15 
6' 11 
7.06 
8 .78 
8.01 
7.87 
9.75 
7.32 
8 . 56 
6.37 
8 . 33 
9.75 
* Fish taken in the spring before the current annuli were laid down were classed as being 
one year older than the annulus count indicated. For fish of this category the calculated 
length for the last year of life is the same as the length at the time of capture. 
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year class did not reach this length until early in their third year. The 
annual increase in length was greatest during the first year of life for 
both year classes, and by the fourth year the average increase in length 
was fairly low. 
In the above discussion, the growth data for males and females are 
combined, but Table 4 presents a breakdown of these data to show evi-
dence of sexual differences in growth rates. During the first two years of 
life the males and females grow at the same rate, but in the third and 
fourth years the females appear to grow slightly more rapidly than the 
males. The difference is slight but an application of the t test to the aver-
age lengths at time of capture for the combined 1941 collections indicates 
that the difference is statistically significant (t = 3.01, probability 0.003). 
One is justified in combining the 1941 collections inasmuch as they were 
taken within a rather short period of time at the end of the growing season 
and show no evidence of growth during the period of collection. 
The growth rate of yellow bass has been studied in a few other waters. 
A comparison of the average calculated lengths at various years of the 
Clear Lake yellow bass with those from Indiana and Tennessee waters 
indicates that the Clear Lake yellow bass are relatively fast growing 
(Table 5). 
TABLE 5 
COMPARIS N OF GROWTH IN LENGTH OF YELLOW BASS FROM VARIOUS LOCALITIES 
Cal:ulated Total Length in Inches 
at End Each Year of Life 
Number ---·---------
Locality of Fish 1 2 3 4 5 
-----------
Clear Lake, Iowa 
1937 Year Class. .... . 13 4.5 8 . 5 10 . 1 11 . 0 11 . 4 
1939 Year Class ..... • 277 4 .1 6 .9 8.9 10.0 ...... 
Foots Pond, Indiana* .. . 31 3.0 5 . 3 7 . 1 8.2 8 .7 
T.V.A. Reservoirst . . ... 160 3.1 5.7 7 . 1 8 . 0 8 . 5 
Reelfoot Lake, 
Tennessee t . ..... . ... 129 ... . . . 7 . 8 8 .7 10 .0 11. 6 
* Used straight line with origin at 20 mm. for body-scale relationships. 
t Used straight line with origin at 0 mm. for body-scale relationship. 
. 
Authority 
Present Study 
Present Study 
Ricker and 
Lagler, 1942 
Stroud, 1947 
Schoffman, 1940 
t Schoff man's values are not calculated lengths. They are mean measured lengths of fish 
of a given age collected during June, .July, and August. The fish in the second year column 
are fish with one annulus and are in the second summer of growth, etc. 
Yellow bass are apparently short-lived fishes. The oldest specimen 
taken in the present study was five years old and in its sixth year of 
growth. No older yellow bass were reported from other waters. 
LENGTH-WEIGHT RELATIONSHIP AND COEFFICIENT OF CONDITION 
It has been shown that the weight of fish increases approximately 
as the cube of the length. The length-weight relationship of 181 Clear 
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Lake yellow bass, covering a standard length range of 176 to 219 milli-
meters, was calculated by the least squares method: 
. W = 3.37 10-4 L 2·548 
10 
~ 
v 
'2 8 ;> 
0 
:z 
1-
:r 
IJ 
w 7 
:s 
6 
I 
/. 
or in logarithmic form 
Log W = - 3.4 7237 + 2.548 Log L 
where W = weight in grams 
and L = standard length in millimeters. 
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FIG. 3. Relationship between length and wil'fght of Clear Lake yellow bass. 
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A comparison of the curve derived from this formula with the actual 
weights and lengths indicates a close agreement (Fig. 3) . 
By using this formula, the weights corresponding to the average cal-
culated lengths at the end of each year may be determined. The yellow 
bass in the 1937 year class weighed 1.7, 6.0, 9.4, 11.6, and 12.7 ounces at 
the end of the first, second, third, fourth, and fifth years of life respectively, 
and the fish in the 1939 year class weighed 1.0, 3.7, 6.7, and 9.0 ounces at 
the end of their first , second, third, and fourth years. At the legal length 
of seven inches, the average yellow bass weighs about 3.8 ounces. It will 
be noted that although the greatest annual increase in length occurs in 
the first year of life, the greatest increase in weight is during the second 
or third year. 
As an indicator of health, condition, or relative plumpness of fishes, a 
number of authors have used the coefficient of condition, K , where 
w 105 
K = ----
v 
if W = weight in grams 
and L = standard length in millimeters. 
The average K of 191 Clear Lake yellow bass was 3.18. The 1937 
year class fish had higher K values than the 1939 year class, and prior to 
the spawning season the females usually were slightly plumper than 
the males (Table 6). Stroud (1947) listed 2.49 as the average K value 
T ABLE 6 
THE CoEFFIClENT OF Co1'01T10N, K , OF CLEAR LAKE YELLOW BASS 
Year Class Collection D a te Sex Number Range of K Average K 
1937 ...... ........ April , 1942 Male 6 3. 18- 3.66 3.44 
Female 4 3.17- 4 .18 3 .67 
1939 ...... . . . . .... April , 1942 Male 28 2 .82- 3 . 57 3 .12 
Female 10 3.03- 3.47 3.26 
O ctober , 1942 Male 52 2 .60- 3.53 3. 15 
Fem a le 69 2.84- 3.77 3.23 
J uly, 1943 Male 10 2.72- 3 .26 2 .98 
Fema le 12 2.83- 3.06 2.94 
of 141 yellow bass from T.V.A. waters, which indicates that the T.V.A. 
yellow bass are mere slender than the Clear Lake yellow bass. 
MANAGEMENT 
Because of the dominance of certain year-classes in the yellow bass 
p opulation and the almost complete lack of yellow bass in other year-
classes, it can be anticipated that there will be years when the fishing 
for yellow bass will be exceptionally good and years when it may be poor. 
Since the yellow bass reach catchable size at the completion of the second 
194 W. M. LEWIS AND K. D. CARLANDER 
year or the beginning of the third, good fishing can be anticipated the 
second year after a dominant year-class hatches. The average fish caught 
will be fairly small during this year. If the year class was abundant, the 
fishing can be expected to hold up well the next year when the fish will 
be somewhat larger. Since the yellow bass put on most of their weight 
during the second or third year of life and since comparatively few live 
more than five years, the best utilization of these fish would be to catch 
them in their fourth and fifth years. The present size limit permits their 
capture during the third year of life while growth is still rapid. However, 
there is no evidence that the removal of these fish during the third year 
decreases the later catches. If further study indicates that a considerable 
portion of the fish are taken during their third year and that natural 
mortality is of little importance at this stage of life, it might be advisable 
to increase the size limit to 8 or 9 inches to provide better fishing in the 
fourth and fifth years when the yellow bass weigh over seven ounces. 
The fishing pressure should be heavy during these years so that the great 
majority of the fish are caught before the end of their natural life span. 
Little is known of the causes of the differences in abundance of 
yellow bass in various year-classes, but these differences are probably 
the result of climatic or environmental conditions rather than of over-
fishing. Further study may permit control of conditions to provide for 
greater survival of yellow bass in the poor years or of more frequent 
dominant year-classes. 
The presence of dominant year-classes permits the prediction of 
fishing success a year or two in advance. If, for example, large numbers 
of year-old yellow bass are found in 1951, good fishing for small yellow 
bass can be anticipated in 1952, with large fish in 1953 and 1954. It may 
be desirable to regulate the fishing more stringently in years when 
poor year-classes are supporting the fishing, and to encourage and inten-
sify the fishing when dominant year-classes are in the fourth and fifth 
years of life. 
SUMMARY 
1. The present paper reports on the growth rate of one of the most 
important fishes, the yellow bass, Morone interrupta Gill, in Clear Lake, 
Iowa. 
2. In Clear Lake yellow bass, total length equals 1.2451 standard 
lengths. 
3. The body-scale relationship, based upon 396 specimens over a wide 
range of sizes, gave a straight line with an origin at 16.2 millimeters 
standard length and a slope of 1.53. 
4. The scale method appears valid for yellow bass. Annuli were 
added for each year of growth. 
5. Growth of young-of-the-year yellow bass is most rapid during 
July. By the first of October young-of-the-year fish average 62 to 65 
millimeters in standard length. 
6. Most of the fish examined belonged to the 1939 year-class. A few 
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1937 year-class fish were examined and young fish were observed in 1942 
and 1943. The 1938, 1940, and 1941 year-classes were very scarce, how-
ever. 
7. The 1937 year-class yellow bass grew more rapidly than those in 
the 1939 year-class. The former reached legal length, 7 inches total 
length, during the second year of life while the latter did not attain this 
length until early in the third year. 
8. Female yellow bass appear to grow slightly more rapidly than the 
males in the third and fourth years of life. 
9. Comparison of the Clear Lake yellow bass data with that from 
other localities shows the Clear Lake yellow bass to be relatively lfast 
growing. 
10. The relationship between standard length (L) in millimeters and 
weight (W) in grams of the Clear Lake yellow bass can be expressed by 
the equation: 
W = 3.37 10-4 L2·1H 
11. Although the annual growth in length is greatest during the first 
year of life, the greatest increase in weight occurs during the second or 
third year. 
12. The average coefficient of condition, K, of 191 Clear Lake yellow 
bass was 3.18. 
13. The dominance of certain year-classes will cause fluctuations in 
the success of fishing from year to year and may require periodic changes 
in management. Fishing should be .heavy during those years in which 
dominant year-classes are four to five years old. 
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NOXIOUS WEED EXAMINATIONS - TIME SAVING METHODS 
DuANE IsELY 
From the Seed Laboratory, Iowa Agricultural Ex periment Station' 
Received November 8, 1947 
Labor-saving devices and techniques are extremely welcome in 
a seed laboratory during the rush season. This has been particularly 
true the past few years since increased appreciation on the part of 
the public of the value of seed testing and the AAA program concern-
ing the production of legume seed have seriously strained laboratory 
facilities during the winter and spring months. 
RAPID METHODS FOR NOXIOUS WEED SEED EXAMINATIONS 
Several new techniques are quite effective in speeding up analysis 
of samples for noxious weed seed. Among . these are the use of such 
devices as the Rice dodder mill for clover examinations, the use of 
a 1 mm. screen for timothy, and a special screening and blowing 
method for oats. A brief description of these methods and the benefits 
to be derived from each is presented below. 
1. USE OF THE RICE DODDER MILL FOR NOXIOUS WEED EXAMINATION 
OF CLOVERS' 
The laboratory model of this machine and its possible uses are 
familiar to most seed analysts; its value in cleaning impurities from 
small seeded legumes is self-evident. Whitcomb and Thompson3 have 
recently published a short paper on the employment of a Rice dodder 
mill as a time saver in purity examinations. They found that most of 
the dirt, broken seeds, and weed seeds could be separated from a 
clover or alfalfa sample by running it through the machine, thus re-
ducing subsequent workboard operations. Their data indicate that, on 
an average, about 10 minutes per sample were saved. The mechanism 
of the Rice dodder mill is adequately discussed by the above writers, 
hence a description will not be duplicated here. 
Preliminary tests with the Rice cleaner. indicated that the majority 
of the noxious weed seeds could be separated from clover and alfalfa 
samples in a fairly complete manner. Accordingly, the dodder mill 
was used experimentally to detect the presence of these seeds. It was 
1 Journal Paper No. J-1320 of the Iowa Agricultural Experiment Station, 
Ames, Iowa, Project No. 86. 
' Assistance in various aspects of these experiments was given by Miss 
Georgena Wright and Mrs. Milliscent Buck. Helpful suggestions concerning the 
Rice dodder mill were given by Dr. R. H . Porter. 
3 W. 0 . Whitcomb and Bertha B. Thompson, "Analysis of seed with the Rice 
laboratory seed cleaner- preliminary tests." Proc. A .O.S.A. 34: 70-72. 1942. 
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soon found that, with certain exceptions which will be discussed later, 
the presence or absence of noxious weed seeds in the small weed seed 
and dirt portion was an accurate index to their presence in the entire 
sample. Thus, examination of the large portion was necessary only 
when the presence of noxious weed seeds was indicated and an 
accurate numerical count desired. 
The fact soon became apparent, as work with the machine pro-
gressed, that while different proportions of different weed seeds were 
separated from the clover, the proportion of any one kind removed 
was remarkably constant from sample to sample at any given speed 
of rotation of the rollers. This, of course, suggested a consideration of 
a possible quantitative as well as qualitative application of the seed 
cleaner. 
Accordingly, a roller speed was determined which would give a 
good deposition of weed seeds without also throwing too large a pro-
portion of the clover sample in the lower pan (the greater the speed of 
the rollers, the greater the amount of material dropped in the bottom 
tray). The rotation was finally set at 120 .r.p.m. The handcrank with 
which the structure was originally provided was then removed and 
replaced by a constant-speed electric motor. A suitable wormgear pro-
vided the desired speed of rotation for the rollers. 
Synthetic noxious weed examination samples, each containing 50 
seeds of each of the noxious weeds, were prepared.4 For some of the 
weeds, several samples were made up containing seeds from different 
sources; samples containing seeds of each of several species of dodder 
were also prepared. 
Each sample was run through the Rice dodder mill fifty times. 
For each run, the weed seeds in the portion separated from the clover 
were counted and recorded, and on each third run the remainder of 
the bulk sample was checked through to be sure no weed seeds had 
been lost. The important thing in this operation is to control the flow 
of the sample so that it passes through the machine at a slow, uniform 
pace. If the seed is allowed to enter the mill rapidly, many of the weed 
seeds may "ride" through with the mass of clover seeds and never 
come in contact with the rollers; consequently, the percentage of weed 
seeds separated will not only be lowered but will be quite irregular. 
The rate of flow should be slow enough so that there will be no piling 
up-in order that every seed will have an adequate chance to come 
in contact with the rollers. 
Among the Iowa noxious weeds, dock and buckhorn are much the 
most common in small seeded legumes. Quack grass, wild carrot, 
horse nettle, sheep sorrel, black mustard, and dodder (mostly in 
•The source of the weed seeds was (with the exception of perennial sow thistle, 
Russian knapweed, leafy spurge, and perennial peppergrass [too rare]) a supply 
saved from seeds removed from other samples during the course of routire 
testing. The surface of different weed seeds is variously affected by cleaning and 
threshing machinery; hence it is important that seeds from commercial samples 
be used rather than seeds harvested by hand. 
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alfalfa) are occasionally found; Canada thistle, wild mustard, and 
butterprint are of rather uncommon or rare occurrence. Perennial sow 
thistle, bindweed, leafy spurge, perennial peppergrass, and Russian 
knapweed are of such rare occurrence in Iowa clovers and alfalfa as 
to be best classed as novelties. 
The results of above-described tests are tabulated in Table 1 for 
those weeds separating 75 per cent or better from . the clover. Buck-
horn plantain is the only weed seed at all common which is not in-
TABLE 1 
RESULTS ON WEED E ED RUNS THROUGH RICE DODDER MtLL 
Weeds 
Perennial Sow Thistle ...... . 
(Sonch11s arvensis) 
Canada Thistle ............ . 
( Cirsium arvense) 
Quack Grass ... . .......... . 
(AgroftJ>ron repens) 
Dodder ................... . 
(Cuscuta sp. ) 
Black Mustard .. ...... . 
(Brassica nigra ) 
Butterprint. ..... . ......... . 
(Abutilon theophrasti) 
Wild Carrot . . ... 
(Daucus carota ) 
Sour Dock . ... . ....... . .. . 
(Rumex crispus) 
Smooth Dock .... 
(Rumex altissimus) 
Sheep Sorrel. ......... . 
(Rumex acetosella) 
Percentage Separated 
(Lot 1) 96 . 64±2 .56 
(Lot 2) 97.44±2.48 
(Lot 1) 95 .44"'=4 . 48 
(Lot 2) 94 . 72 "'=4 . 50 
(with lemma and palea) 92 . 66±2 . 48 
(caryopses) 95 .84"'=2 .36 
(Lot 1) 85 . 90 "'= 7. 50 
(Lot 2) 82 . 48"'=6 . 56 
(Lot 3) 88 . 26±6 . 56 
79. 72 "'=6 . 16 
96 . 58 "'=3 . 68 
96.52"'=2 . 16 
98 .80±2 .09 
98 . 91 "'=1 . 88 
95 .08±2 .66 
Factors 
1.03 
.05 
1.08 
1 .04 
1.25 
1.04 
1.04 
1.01 
1.01 
1.05 
eluded in this enumeration. The disposition of it and the other less 
common species will be discussed subsequently. 
The data in the table include for each weed the mean percentage 
of seed separated for the fifty runs, the standard deviation of the in-
dividual tests, and factors for calculation of actual number of seeds 
present in the sample. The latter are merely the reciprocals of percent-
age separated. 
If these results are to have application in routine testing, an :in-
terpretation in terms of noxious weeds tolerance is essential. The 
variability from test to test is, of course, the point under consideration. 
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It makes little difference whether the percentage of any given weed 
separated is 70 or 90; one need only multiply the number of seeds found 
by the appropriate factor to determine the total number in the sample, 
this being, in the example given above, the reciprocal of 0.7 or 0.9. 
The best estimate of the applicability of these results would seem 
to be gained by comparing the expected variation with tolerances 
allowed, making use of the fact that variations over twice the standard 
deviation should not be expected at ordinary 0.05 odds.5 The tolerance 
table for noxious weeds in the 1944 rules indicates that if 50 seeds are 
found by analysis, 37 will be within tolerance. Twice the standard de-
viation for 50 seeds is, of course, equal to the figures for a standard 
deviation percentage given in Table 1. Thus, for smooth and sour 
dock, with a possible variation of about 2, quack grass, wild carrot, 
sheep sorrel, perennial sow thistle, with a variation under 3, the vari-
ability against a tolerance of 13 would seem small enough to be dis-
regarded. Variability of butterprint and black mustard is somewhat 
greater, but quantitative determination of these weed seeds may be 
justified. Dodder is not only more variable, but different species give 
somewhat different results. Probably the dodder mill should be used 
only as a detector for this weed seed, and a complete test should be 
made if it is found to be present. 
The point can, of course, justifiably be made that the tolerance is 
set up to take care only of natural sampling variability and that such 
variation as is here discussed, whatever its size, merely adds that much 
to the chances of exceeding the tolerance. This is quite true. On the 
other hand, noxious weed examinations made by hand are by no 
means free from operational errors, especially when the sample con-
tains a large number of seeds to be separated one after another. The 
elements of fatigue and natural human variability enter in, particu-
hrly when the pressure of work is great and the analyst must finish 
the sample rapidly with no chance to check over it again. Comparison 
of results obtained by hand analysis and a machine separation has 
indicated that, in many cases, more accurate results were obtained 
by the mechanical method with a considerably smaller expenditure 
of time. 
Where the standard deviation does not exceed 5 per cent, such 
variation, for samples containing less than 10 seeds of any given nox-
• A statistical analysis to determine probability would seem to oresent 
considerable difficulty. The nature of the data indicates a binomial distribution, 
and it can be analyzed by the chi-square method in a fashion similar to that 
for germination and purity tests. Noxious weed tolerances are, however, 
based upon an assumption of a Poisson mode of distribution. The chi-square test 
will indicate considerably different probabilities for two weeds separated by the 
machine in proportions of 95 and 70 per cent, even though the variability of the 
individual test is · equal. Such information has no application to the noxious 
weed tolerance problem and may be contradictory to practical considerations, 
i.e .. dock, of which about 98 per cent of the seeds are separated with a st<mdard 
cleviation of only 2, presents a very low probability, while the very unsat'shctory 
separation of Russian knapweed, 31.3 per cent ±7.6, gives a probability of nearly 
0.9. 
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ious weed, will only be fractional and of little significance. The fact 
that most of the factors given in the table exceed unity only slightly 
would lead one to expect that a complete separation would usually be 
effected in samples containing but few weed seeds. Experience has 
indicated that this is the case. As a matter of fact, in samples contain-
ing up to 20 dock or sheep sorrel seeds, complete separation is almost 
a certainty. 
With respect to seeds of primary noxious weeds, it should be in-
dicated that in Iowa and many other states the law prohibits the sah 
of crop seed containing any such seeds; hence, presence or absence 
of such seeds is the point of primary importance. While accuracy of 
numerical designation is desirable, this is a secondary consideration. 
The chief problems relating to the practical application of the 
dodder mill for the detection of Iowa noxious weed seeds have to do 
with buckhorn plantain (Plantago Lanceolata). The behavior of buck-
horn seeds is variable from day to day, possibly due to the mucil-
aginous seed coat which becomes somewhat sticky on days when humi-
dity is high. The seed coat, in any case, is smooth enough so that most 
of the seeds are deposited on the bottom pan with the clovers, and 
the chance of detection of the seed in the small separated portion is 
too small to be satisfactory. A special method has been devised to 
take care of this problem. The clover portion of the sample, on emerg-
ence from the machine, is caught in a sample pan. The person handling 
the machine quickly smoothes it out on the bottom of the pan (a small 
flattened stick has been found to be satisfactory for this operation) 
and looks it over. To a person trained in this operation the shiny seed 
coat of buckhorn stands out strongly against the clover and, if pre-
sent, will be observed within 15 to 30 seconds time. To test the depend-
ability of detection in this manner, a synthetic sample containing three 
buckhorn seeds was made up.6 This sample was run through the 
machine a number of times, the large portion quickly examined as 
above described. The presence of buckhorn was detected in every 
case. This operation is facilitated by the fact that samples containing 
"good" buckhorn seed also contain immature, shriveled, or blackened 
seeds; the seed coats of the latter, being much more irregular and 
roughened than the good seeds, readily drop into the bottom portion 
where they may serve as indicators. Quantitative determination of 
buckhorn cannot be made in this manner; if its presence is noted, the 
entire sample should be examined on the workboard. 
Horse nettle is separated from clover in a proportion of about 50 
per cent; the figure is somewhat lower for wild mustard, perennial 
peppergrass, and Russian knapweed. Of these, horse nettle and wild 
mustard are the only ones common enough to be of much concern, 
and they may be detected by applying the double check method as 
0 This number was used because the provisions of the Iowa Seed Law require 
that buckhorn (a secondary noxious weed) be labeled in clovers, if present in 
numbers exceeding three per ounce. 
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described for buckhorn plantain. Perennial peppergrass is more likely 
to be missed than any of the others if it is present in small amounts. 
It was considered superfluous to make tests for bindweed, since it has 
not been observed in clover. If present, it would be conspicuous on 
account of its size and would doubtless be deposited in the weed 
separation because of its rough, warty surface. 
Continual use of the Rice dodder mill tends to produce a certain 
amount of wear on the rollers which may change the exact percent-
age of a weed separated from the clover. If the machine is much used, 
it should probably be restandardized before each season's work. 
It should be re-emphasized that this discussion has had reference 
only to weed seeds designated as noxious under the Iowa Seed Law. 
While many of these weeds are noxious in other states, others are 
likewise included. Many of the problems will probably have to be 
dealt with in a slightly different manner. 
The Rice dodder mill has been used in the Iowa laboratory for 
pm·ity tests in the manner discussed by Whitcomb and Thompson but 
only for "dirty" samples. The time saved on relatively well-cleaned 
samples does not appear to justify including this extra operation in the 
routine. However, if an analyst on weighing out a sample finds that 
it is dirty or weedy, the sample is set aside in a box provided for that 
purpose. After a few have accumulated, they are all run through the 
machine. The time saved on individual dirty samples treated in this 
manner ranged from ten minutes to three-quarters of an hour. 
2. USE OF 1 MM. SCREEN FOR NOXIOUS WEED EXAMINATIONS OF TIMOTHY 
If a timothy sample for noxious weed examination is shaken over 
~ sieve possessing 1 mm. circular apertures, all of it will pass through 
quickly except a few unhulled grains. Among the Iowa noxious weeds, 
only two which occur with any frequency will pass through such a 
£ieve; these are sheep sorrel and wild carrot. 
The procedure used is as follows: The noxious weed seed portion 
is passed through the sieve, and only the remnants are examined on 
the workboard. If no noxious weed seeds are present, that fact is re-
corded on the work card; if, on the other hand, any weed seeds other 
than the above-mentioned pair are found, the number is determined 
and recorded. If either wild carrot or sheep sorrel seeds are found, 
it is necessary to go through the bulk sample as a certain proportion 
of these weed seeds has probably passed through the sieve and is mixed 
with the timothy. 
A small amount of Canada thistle and perennial sow thistle will 
also pass through the sieve, but insomuch as perennial sow thistle has 
not yet been found in Iowa timothy and Canada thistle is of rather 
rare occurrence, this fact will scarcely increase the percentage of 
samples in which bulk examination is necessary. 
It is possible that adaptations of this method might be made for the 
seeds of weeds noxious in other states. Unfortunately this will probably 
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not be practical in many of the north-central states where oxeye daisy 
and yarrow are noxious, the seeds of these plants being small enough to 
pass readily through the screen with the timothy. 
3. A SPECIAL METHOD FOR NOXIOUS WEED EXAMINATION OF OATS 
An oat sample will be retained nearly in its entirety above an 8/ 64" 
buckwheat sieve (Seedburo lOB). The noxious weeds will, on the 
other hand, all pass through with the exception of butterprint, bind-
weed, and part of the quack grass. The presence of butterprint (occur-
ring occasionally) and bindweed (very rare) can easily be determined 
by a quick examination of the bulk oat sample similar to that used 
for buckhorn in clovers. Quack grass, however, is not quickly dis-
cernible in oats and must be dealt with otherwise. 
A larger blo~er, similar in general construction to the Iowa Air 
Blast Seed Separator, is used as an aid in purity examination of oats 
to blow out the empty glumes. The observation was made that such 
quack grass as occurred in these purity examinations was always 
separated from the main sample and blown up with the chaff. Accord-
ingly, this fact was employed in the noxious weed examinations of oats. 
During the rush season when several thousand samples of oats 
had to be disposed of in a relatively short period of time, an "assembly 
line" was set up as follows: One person was given the sole responsibility 
for dividing and weighing out the samples. The samples were passed on 
to another individual who operated the blower. The chaff was put into 
small envelopes and clipped to those containing the bulk samples. The 
next operator did the sieving, made a quick examination of the oats for 
butterprint and bindweed, and also looked over the material which 
passed through the sieve. If the sievings were small enough in amount 
so that one could easily see that no noxious weeds were present, or if 
such weeds (usually dock and mustard) were so few in number that 
they could easily be counted, these facts were noted. If, on the other 
hand, enough material had passed through the sieve so that the presence 
or number of noxious weeds was not readily observable, this material 
was added to the small envelope containing the blowings. The sample 
was then passed to the next person who, seated at a workboard, 
examined this small portion for quack grass, or other weeds if the 
sieved portion had been added to this sample. If the main bulk of the 
oat sample was observed to contain butterprint or bindweed, a complete 
examination of it was made on the workboard. 
Noxious weed examinations have been given to upwards of three 
hundred oat samples in a 9-hour day by four people operating in the 
above manner. 
SUMMARY 
Modified methods for noxious weed examination of small seeded 
legumes, timothy, and oats are presented. The suggested procedures, 
designed to reduce the amount of time used in noxious weed exam-
204 DUANE ISELY 
inations, are particularly recornmend€d for testing for growers' in-
formation, farm sales, and other samples representing small lots. Seeds 
moving in interstate commerce should probably be tested in the 
regular 'manner in order to comply more exactly with the prescribed 
rules for seed testing. 
A Rice dodder mill with a constant speed motor attachment is used 
for noxious weed examination of sma11 seeded legumes such as clovers 
and alfalfa. Some noxious weeds, i.e., dock, wild carrot, quack grass, 
are separated in P,recise numerical proportions and may be directly 
determined quantitatively; others, buckhorn and dodders, are separated 
less precisely; for these the machine performs only a qualitative 
function. The noxious weed separation achieved by this machine, in 
addition to being much more rapid than that done by hand, in many 
cases is thought to be more accurate than the latter. 
The modified method for timothy is based upon a separation of 
weed components and the crop by a 1 mm. screen. This is very success-
ful for Iowa noxious weeds but may be less so in many other states. 
The method suggested for oats is based on a combination of blowing 
(to remove quack grass) and separation with an 8/ 64" buckwheat sieve. 
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